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Introduction 

The  I  si  ami  of  Porto  Eico  has  never  had  a  thorough  or  detailed  geo- 
logical study.  There  have  been,  however,  a  number  of  papers  written 
that  have  described  special  features  or  general  conditions  in  a  very  ac- 
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ceptai)le  manner.  Most  of  the  writings^  of  this  kind  are  widely  scattered 
in  volumes  of  periodicals  or  proceedings  of  learned  societies  or  pamphlets 
which  in  most  cases  are  not  readily  obtained  or  consulted. 

From  a  perusal  of  these  articles,  one  learns  that  Porto  Rico  belongs 
structurally  and  genetically  to  the  moimtain  cliain  now  represented  by 
the  isolated  islands  forming  the  principal  West  Indian  group.  Enough 
work  has  been  done,  especially  by  E.  T.  Hill,'  to  outline  roughly  the 
geological  history  of  the  Island  of  Porto  Rico  and  indicate  on  a  map  the 
distribution  of  some  of  the  formations.  An  especially  good  general  de- 
scription of  physical  features,  also,  is  given  by  11.  M.  Wilson.*  An  intro- 
ductory general  description,  in  large  part  along  the  same  lines  as  these, 
will  probably  serve  the  present  purpose. 

General  Description 

The  Island  of  Porto  Rico  is  situated  in  the  Torrid  Zone  between  lati- 
tude 17°  54"  and  18°  30"  north  and  longitude  66°  13"  and  67°  15"  west. 
It  is  the  easternmost  and  southernmost  of  the  Greater  Antilles.  It  lies 
within  the  trade-wind  belt,  and  the  constancy  of  these  winds  gives  the 
island  a  remarkably  mild  and  uniform  climate.  There  is  an  abundance 
of  rainfall  on  the  windward  side,  which  in  this  case  is  the  east  end  and 
the  north  side  as  far  west  as  Camuv.  The  effect  of  the  mountains  across 
which  these  wmds  blow  is  to  make  the  south  side  of  the  island  and  most 
of  the  western  portion  comparatively  arid.  Some  districts  are  said  to 
have  no  rainfall  for  a  wliole  year  at  a  stretch. 

The  Atlantic  Ocean  lies  to  the  north  and  east,  the  Caribbean  Sea  lies 
to  the  south,  while  Mona  Channel  on  the  west  separates  the  Island  of 
Porto  Rico  from  Hayti.  Brownson  Deep,  reaching  the  profound  deptli  of 
twenty-four  thousand  feet  below  sea  level,  one  of  the  deepest  spots  known, 
lies  inmiediately  to  the  north.  Tanner  Deep  lies  to  the  south,  reaching 
a  depth  of  fifteen  thousand  feet.  Although  the  relief  of  the  island  above 
sea  level  is  less  than  four  thousand  feet,  this  represents  only  the  extreme 
top  of  ji  great  mountain  mass  which  rises  above  the  submerged  platform, 
from  which  its  real  height  should  be  measured.  The  extreme  relief  differ- 
ence represented  by  the  summit  of  El  Yimque  on  the  one  hand  and  Brown- 

*The  writings  referred  to,  together  with  others  that  have  some  description  of  physical 
conditions  in  Porto  Klco,  are  listed  at  the  end  of  this  paper.  Those  of  most  usefulness 
In  the  presont  Investigation  are  certain  papers  by  R.  T.  Hill  and  H.  M.  Wilson,  besides  a 
very  few  others  of  loss  extended  character. 

•R.  T.  Hill:  "Porto  Rico."  National  Geographic  Magazine,  volume  10,  pages  93  to 
112    (1880). 

*  H.  M.  Wilson  :  "Water  Resources  of  Porto  Rico."  Water  Supply  Paper  No.  89, 
U.  S.  Geological  Survey. 
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son  Jh'cp  (11  tlio  other  is  a]»])n).\iinaU'ly  twiMitv-ci«rht  tlmusand  feot.  Ko 
^rardi'd  in  this  way,  tht»  Island  (►f  Porto  ]{ico  belongs  to  one  of  the  higher 
relief  features  of  the  earth. 

It  is  in  realitv  a  hadlv  eroded  summit  of  a  ;;reat  mountain  belonirin<r 
to  an  east-west  chain  or  range  including  the  Greater  Antilles.  The  gen- 
eral structural  features  of  the*  islands  are  consist<Mit  with  this  east-west 
axial  tren<l  which  is  i'Xjiressed  in  the  to|)ogra|)hy  of  the  central  Cordillera 
extending  from  the  west  end  near  Kincon,  where  it  starts  abruptly  from 
the  water's  i}i\gv,  to  Fajardo,  where  it  terminates  in  El  Yiin(|ue,  the  high- 
est j)oint  on  tli(»  island.  The  mountain  range,  however,  is  not  so  simple  as 
this  statement  would  lead  one  lo  l)eli(»ve.  for  there  are  in  realitv  two 
ranges  or  branches  toward  the  east,  (nie'of  wiiich  is  known  as  the  Sierra 
de  Lu<|uillo,  culminating  in  Kl  ViMHpie.  and  the  other,  which  is  best  de- 
veloped in  tht»  divide  between  Cavev  and  (Juavama,  is  calliMl  tlH»  Sierra  iU' 
Cavev.  Tlu;  militarv  road  rross»'s  thi>  latter  brancli  near  Aibonito  over  a 
pass  tliat  reaches  above  •^.000  fret.  To  tlir  westward,  the  double  charaeter 
of  tlir'  mountain  ranges  is  not  so  pronouneed.  but  then*  iV  a  M-mldaiiee  •»!' 
it  in  the  >purs  that  reaeh  the  sea  rather  abruptly,  one  lu-ar  Kinedii  and 
the  other  near  Ma\a«:uez.  Thi^  <'\act  ele\ations  of  the  hinber  ni<»nnl:nii- 
have  not  been  accuratelv  determined,  the  values  liiveii  on  the  ohb'r  man- 
being  <'\idently  too  >:reat.  'J'he  revisecl  approximate  elevations  are:  for 
Kl  Vun<pie,  at  tb<'  eastei-n  end  <d'  tlie  i>hind.  .*>.?'»()  feel  ;  for  Kl  (iuilarte. 
which  >tands  to  tlu*  west  of  the  Ari'<ibo  road,  ^5.()10  feet.  The  liigbe>t 
point  in  tlie  Sierra  de  Cavev  i>  al)out  iJ.nOO  fret.     Manv  points  are  neMr!\ 

1  •       •  •       1 

as  bii;h  as  tliose  given,  and  ail  of  the  roads  that  cross  the  island  reach 
ele\arions  on  the  divide  that  are  in  <'\eess  of  '2,tMM)  feet.  Manv  «»l'  tb:- 
road  wax  s  in  liu^  interior  distri*  ts  reach  elevations  over  ^^,22'^  feet. 

.\  It  hough  the  island  as  a  whole  has  a  mountainous  as]>ect,  and  although 
much  of  the  interior  is  very  rugged  and  picturesque,  there  is  usually  a 
comparatively  gentle  or  smooth  io]>ography  along  the  coast,  and  s<mie  of 
the  marginal  areas  are  almost  perfectly  tlat.  These  are  uniformly  at  llie 
mouths  of  the  larger  rivers  and  represent  river  alluvium  or  delta -like 
<leposits, — they  are  known  in  the  island  as  })layas. 

The  aspect  of  the  isLmd  as  a  whole*  is  moderately  rugged.  Although 
the  iinijor  portion  of  tlu*  rock  nnikeuj)  is  igneous,  and  although  thi're  is 
considerable  comph*xity  of  structure  represi«nted  in  all  ]>arls  of  the  range, 
all  of  the  surface  forms  are  of  crosional  i^rigin.  The  relief  is  that  «d' 
early  maturity  in  the  interior  and  perhaps  late  maturity  in  portions  oi 
the  coastal  districts.  Exceedingly  steep  slopes  are  the  rule  in  all  parts 
of  the  island  where  there  is  any  eonsiilenible  relief,  and  one?  of  the  most 
surprising  things  is  the  way  the  soil  <*Iings  to  these  slopes.     One  f»ften 
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sees  slopes  of  this  kind  with  angles  of  thirty  to  forty  degrees  from  the 
horizontal  under  cultivation. 

The  islands  of  Culebra  and  Vieques  lie  to  the  east  of  Porto  Rico  and 
are  said  to  be  similar  in  structure  and  makeup,  but  neither  of  them  was 
visited  on  this  expedition. 

The  streams  of  the  island  are  numerous  and  surprisingly  large  for  the 
size  of  the  areas  drained.  According  to  Mr.  Wilson's  description*^  of  the 
water  supply  there  are  twelve  large  streams  flowmg  north,  four  flowing 
west,  seventeen  flowing  south  and  six  flowmg  east.  Besides  these  there  are 
said  to  be  1,300  small  streams,  and  on  account  of  the  heavy  rainfall  on 
portions  of  the  island  many  of  them  are  of  larger  size  than  such  an  area 
would  usually  afford.  The  main  divide  runs  near  the  southerly  margin 
of  the  island,  so  that  about  one-tliird  of  the  drainage  is  tributary  to  the 
Caribbean  Sea  on  the  south,  and  about  two-thirds  to  the  Atlantic  Ocean 
on  the  north.  This  uusymmotrioal  position  of  the  dividing  range  is  an 
abnormal  feature,  the  cause  of  wliich  is  the  subject  of  discussion  in  an- 
other portion  of  the  report.  Because  of  the  prevailing  trade  winds,  the 
rainfall  is  very  unevenly  distributed.  The  east  end  and  the  north  side 
are  comparatively  humid  and  plentifully  watered;  in  contrast,  the  west 
end  and  especially  the  south  side  are  conii)aratively  arid.  In  order  to 
overc<»nie  partly  the  sliortage  of  water,  a  large  system  of  irrigation  is  now 
being  developed  on  th(»  south  side  of  the  island.  At  the  east  end,  north- 
east of  El  Yunque,  there  is  an  annual  rainfall  of  123  inches.  On  the 
other  hand,  at  Cabo  Rojo,  at  the  other  extreme  on  tlie  southwest  side  of 
the  island,  it  is  exceedin<:lv  drv,  and  in  o(X'asional  vears  there  is  said  to 
be  not  a  single  drop  of  rainfall.  Other  parts  of  the  island  vary  between 
these  extremes.    The  wettest  months  are  Scpteml>cr  and  Xovcmher. 

In  most  districts,  the  luiderlying  rock  is  compact  enough  to  discourage 
much  deep  water  circulation  and  the  stream  run-off  is  correspondingly 
responsive  to  the  rainfall.  In  the  northwest  corner  of  the  island,  on  the 
broad  limestone  belt  extending  from  Aguadilla  to  Camuy,  there  is  a  pre- 
vailing tendency  for  the  surface  waters  to  sink  into  underground  chan- 
nels, leaving  the  surface  very  nnich  more  poorly  watered  than  even  the 
somewhat  scanty  rainfall  would  lead  one  to  expect.  In  some  cases,  streams 
developed  on  the  more  compact  rocks  of  the  interior  districts  completely 
lose  themselves  in  underground  channels  upon  entering  the  limestone 
belt,  and  in  some  cases  do  not  again  come  to  the  surface  for  several  miles. 
Elaborate  caves  and  channel-like  caverns  are  common  and,  in  the  north- 
ern belt  of  limest(me  countrj-,  there  are  thousands  of  such  occurrences 


»H.  M.  WiLHox  :  "Porto  Uico ;  Its  Topography  and  Aspects."     Jour.  Am.  Geog.  Soc., 
Vol.  32.  p.  220.     1900. 
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still  preserved  that  are  now  wholly  abandoned  by  the  waters  that  for- 
merly occupied  and  helped  to  form  them.  There  are  no  inland  lakes,  but 
there  are  a  few  coastal  lakes  and  they  appear  to  be  related  to  the  develop- 
ment of  alluvial  plains  or  playas  and  recent  elevation  and  subsidence 
changes. 

The  climate  is  strictly  tropical,  but  it  is  so  tempered  by  reason  of  the 
constant  trade  wind  breezes  from  the  ocean  and  the  elevated  character  of 
much  of  the  ground  that  it  is  usually  agreeable  and  mild.  The  lack  of 
great  changes  of  temperature  and  the  prevailingly  moist  conditions  on 
most  of  the  island  have  direct  influence  on  the  character  of  the  rock  decay 
and  disintegration  and  also  on  the  quality  of  the  soil  produced  as  well  as 
its  behavior  as  a  residuary  product.  Other  matters  of  climatic  conditions 
have  little  or  no  bearing  on  geological  problems  and  may  well  be  avoided. 
The  average  daily  temperature  is  eighty  degrees;  it  rarely  goes  above 
ninety  degrees  or  below  seventy.  The  maximum  temperature  is  ninety- 
nine  degrees.  Extremes  recorded  for  the  year  indicate  a  range  of  forty 
degrees. 

The  area  of  Porto  Rico  is  given  as  3,670  square  miles,  which  is  about 
three-fourths  the  size  of  the  State  of  Connecticut.  It  is  roughly  rectan- 
gular in  outline  and  in  actual  dimensions  is  about  thirty-five  miles  in 
average  width,  and  one  hundred  and  five  miles  long  from  east  to  west. 
It  is  the  fourth  in  size  of  the  West  India  Islands  and  is  one  of  the  most 
productive  and  densely  populated  districts  in  America. 

Because  of  the  greater  interest  recently,  taken  in  studying  the  natural 
resources  and  natural  history  of  Porto  Rico,  it  was  judged  to  be  a  suitable 
time  to  make  a  more  elaborate  and  detailed  study  of  the  island's  geo- 
logical framework  and  history.  In  accord  with  this  view  the  New  York 
Academy  of  Sciences  organized  an  expedition  which  spent  a  part  of  the 
summer  of  1914  on  the  island.  The  accompanying  descriptions  are  based 
on  the  work  accomplished  by  this  expedition. 

Xew  York  Academy  of  Sciences  Expedition 

The  geologists  sent  to  make  a  preliminary  study  or  reconnoissance  of 
the  Island  of  Porto  Rico  left  New  Y'ork  on  the  loth  of  August,  1914. 
Four  weeks  were  spent  in  Porto  Rico,  the  expedition  returning  to  New 
York  City  on  the  21st  of  September.  The  party  consisted  of  Dr.  Charles 
P.  Berkey  of  Columbia  University,  New  York,  and  Dr.  Clarence  N. 
Fenner  of  the  Geophysical  Laboratory,  Washington.  Arrangements  were 
made  with  the  bureau  of  transportation  of  the  Insular  government  in 
San  Juan  for  conveyances,  so  that  as  much  ground  as  possible  could  be 
seen  in  the  time  available.    More  than  2,000  kilometers  were  covered  by 
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the  aid  "f  this  traiispurtatioii  service  and  oWrvHtiiiiis  wvu-  iiiaili'  iii  Kuffi- 
ciont  iletail  to  judjiL'  the  ftunoral  charactt-T  and  structural  relaiions  of  the 
fumiatioiis  crossed.  In  additiun  tu  tltis  kind  of  travel  <jn  ihi-  roads,  .sliort 
trips  were  made  on  fiKit  to  examine  features  ()r  oiitc-rops  of  mek  whicli 
appeared  to  deserve  investigation,  anil  an  ocreasitinnl  more  cxteiirli'd  trip 
on  horsi'liaek  was  takt'U  to  points  in  tin;  interior,  Witli  thesi;  labilities 
for  travel,  it  was  |jossilile  for  both  niendHTS  uf  the  |)»rtv  to  jrivc  midivided 
attention  to  ;.'eoloi.'ii-al  oliservatioiis.     It  uas  jmssihli'  to  stop  and  nmke 
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brii.f  exHiuinations  alon^'  all  (he  n.ads  at  hundreds  of  i-Ijuts.  and.  on 
several  of  the  roads  crossiiif;  Ihi'  island,  sufficiently  ehdmrate  dala  were 
secured  t»  fnrni.-;li  a  basic  for  f^eologiral  ero.ss-seetions  showing  both  relief 
and  structural  features.  A  complete  circuit  of  the  island  was  niadf  ami 
in  addition  it  was  crossed  from  north  to  south  on  flirce  jirimipal  road.'?. 
This,  together  with  numerous  side  trips  inl"  tin-  iriti-rior,  permitted  ob- 
servations to  be  made  on  practieally  i'vitv  formation  of  any  i-onsiiliTahle 
consequence  in  the  island.  Xo  ]ioiiit  in  the  whole  area  is  situated  more 
than  seven  miles  from  some  niad  or  oIIht  jmint  of  observation  icivered 
by  the  party,  and.  even  in  those  ea.ses,  except  in  the  extreme  southwest 
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corner  of  the  island,  observations  were  made  on  all  sides  or  completely 
around  the  unexploretl  areas.  Because  of  the  extent  of  the  reconnois- 
sance,  it  is  the  opinion  of  the  writer  that  all  of  the  essential,  lar<xe,  funda- 
mental «reolo<rieal  formational  units  have  been  found  and  their  general 
4*5truetural  relations  have  been  determined. 

OB.TKCT  OF  THE  KXPEDITIOX 


^riie  purpose  of  this  expediticm  was,  first  of  all,  to  determine  the  nature 
and  origin  (»f  the  rock  formations  of  Porto  Rico,  and  to  group  them  into 
series  suital)le  for  use  in  subsequent  geological  work.  In  the  second  place, 
it  was  the  object  of  tlie  party  to  determine  as  many  of  the  larger  struc- 
tural relatituis  as  couM  be  seen  and  to  unravel  as  much  of  the  geologic 
hist(n-y  as  sucli  a  hasty  examination  would  warrant.  In  tlie  third  ]>lace, 
the  ])hysiograp]iie  features  were  studied  for  the  jnirpose  of  determining 
their  origin  ami  relation  to  the  formational  structure  and  their  l)earing 
on  the  more  recent  history  of  the  island.  Lastly,  it  was  apj>reciated  that 
the  island  was  complex  enough  to  have  many  problems  that  coubl  not  be 
solved  without  very  much  more  extended  investigation,  and  it  was  the 
purpose  of  this  expedition  to  point  out  the  ])robh*ms  that  should  receive 
special  stu<ly  and  that  seemed  to  give  promise  of  impr»rtant  results.  (Con- 
siderable attention  has  been  given  to  the  economic  resources  of  the  island 
by  private  individuals  and  considerable  money  has  l)een  sju-nt  on  various 
enterprises  coniu*cte<l  with  their  developm(*nt.  Tliese  ])roldems  were  also 
kept  in  mind,  and  wherever  convenient,  special  observations  were  made  on 
them.  Althougli  it  is  jjossible  to  nuike  suggestions  concerning  these  eco- 
nomic H'sources,  they  are  for  the  most  part  matters  tiiat  should  receive 
verv  much  m<>re  extenchMl  spe<'ial  stud  v.  A  matter  that  concerns  the  wel- 
fare  of  the  island  more  directlv  than  anv  of  these  is  the  (luestion  of 
quality  and  variety  and  origin  of  the  native  soils.  These  (►!*  course  are  in 
large  ])art  geologic  matters  also,  and  althougli  this  reconnoissance  is  not 
sutlicientlv  detailed  to  form  the  basis  of  a  discussion  of  this  matt^'r,  it  is 
one  c)f  the  lines  of  investigation  connected  with  further  work  that  will 
have  direct  value. 

IXVKSTKJATIOXS   AND   DlSCTSSlON 
HOCK    roUMATlONS 

The  most  fundamental  thing  to  be  determined  at  the  outset  of  an  in- 
vestigation of  this  kin<l  is  to  «liscover  and  dilferentiate  the  different  rock 
tyf>es  and  the  structural  units  to  which  they  belong.     All  of  the  prelimi- 
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nary  work  of  this  expedition  was  devoted  primarily  to  this  question  and 
collections  were  made  for  comparison  throughout  the  island.  In  the 
beginning,  observations  were  made  chiefly  along  the  coastal  margins  be- 
cause of  the  greater  amount  of  ground  that  could  be  covered  and  because 
of  tlie  apparent  simplicity  of  the  outermost  and  yoimger  or  more  recent 
formations.  The  chief  formations  with  their  representative  rock  variety 
will  be  discussed  in  order  from  the  yomiger  to  the  older  series. 

In  the  first  place,  such  a  reconnoissance  shows  that  there  are  two  great 
series  of  formations  separated  by  a  marked  unconformity.  Both  are 
somewhat  complex,  but  in  that  respect  the  older  series  is  very  much  more 
complex,  both  in  range  of  composition  and  number  of  units  involved  and 
in  variety  of  structural  relation,  than  the  younger  one.  In  spite  of  this 
discrepancy,  it  is  still  the  most  convenient  and  useful  division  to  make, 
and,  because  of  the  strikindv  different  characteristics  of  the  two  series 
and  the  great  prominence  of  the  structural  break  between  them,  there  is 
no  possible  chance  for  mistaking  this  fundamental  feature. 

The  whole  lot  of  formational  units  are  therefore  grouped  •  under  the 
follow i    ,  two  heads: 

1)  Younger  Series. 

Including  the  Tertiary  sliales,  reef  limestones  and  recent  deposits. 

2)  Older  Series. 

Including  a  complex  group  of  formational  units, — tuffs,  ashes,  shales, 
conglomerates,  limestones  and  a  great  variety  of  intruslves,  all  of  which 
are  probably  of  pre-Tertiary  age. 

There  are  several  possible  subdivisions  of  the  younger  series,  but  in 
this  discussion  only  those  e-\liil)iting  enough  physical  constancy  and  char- 
acter to  be  useful  in  field  correlation  are  taken  into  account.  These  are 
especially  (1)  the  San  Juan  Formation,  a  Pleistocene  sand-dune  deposit, 
and  (2)  the  Arecibo  Formation,  a  series  of  reef  limestones  and  associated 
shales  and  marls.  Besides  these,  there  are  more  local  developments  that 
deserve  special  discussion,  such  as  the  San  Sebastian  shales,  the  Juana 
Diaz  marls  and  sandy  shales,  and  the  Ponce  chalk  beds ;  but  in  a  broad 
grouping  these  are  all  phases  of  the  larger  Arecibo  Formation  and  it  will 
take  detailed  paleontologic  study  to  make  the  proper  subdivisions. 

The  older  series  has  manv  formational  members  and  their  general  rela- 
tions  are  reasonablv  well  understood,  but  a  svstematic  subdivision  is  not 
yet  attempted.  Correlation  in  this  series  is  still  more  difficult  than  in 
the  other,  because  of  tiie  great  variation  in  character  laterally  and  the 
influence  of  igneous  activities  that  prevailed  throughout  its  whole  devel- 
opment.   Some  of  the  most  characteristic  of  these  types  will  be  described. 
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Younger  Series 

San  Juan  Formal  ion.— On  aiiproachiiip  tlio  island  by  the  usual  route 
entering  Sail  Juaii  harbor,  tlie  first  rock  whose  structural  detail  can  be 
seen  is  that  on  which  the  city  of  San  Juan  itself  is  built.  One  can  see 
that  the  formation  is  made  up  of  strongly  bedded  material  that  has  all  of 
the  structural  characteristics  of  a  cross-bedded  sandstone  and  is  resistant 
enough  so  that  it  forms,  at  this  point,  a  promontory  extending  far  beyond 
the  suppurting  mainland  and  presenting  a  cliff  face  of  at  least  76  feet  in 
hei^t.  A  closer  inspection  supports  all  of  these  observations  as  to 
Btrnohirp  and  add-i  tlio  im|>orfflnt  obsfrvatinn  that  the  prainilar  material 


is,  in  iarfii;  piirt,  oaltiiri'tms  in  composition  and  orjianic  in  priiiiarv  oi  igin. 
The  same  type  uf  m«tiTinl,  Hitli  all  of  its  tharui-torisiii'  striit-tures,  was 
seen  at  several  other  jioiiits  along  the  north  ooasf.  SiWi'ial  studies  were 
also  made  on  sea  eiiffs  of  this  formation  in  tlie  vieinity  of  Areeibo,  where 
the  exposures  were  so  well  developed  that  gootl  photograplis  of  the  striic- 
ture  could  he  taken.  One  of  tJiose  is  reproduced  as  an  illustration  of  the 
characteri sties  of  this  formation.  It  shows  exceedingly  steep  cross-lieti- 
ding  strueture  that  measures  up  to  thirty-three  degrees  dip,  and  there  are 
also  oceasionaj  slnietural  lines  that  are  almost  Jiori/ontal.  Tlie  rock  is 
exireedingly  pnrciu>=,  tlie  grains  arc  unusually  iiiiiforni  in  sini'.  and  the 
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bindin*^  material  is  calcareous,  attaching  one  grain  to  another  merely  at 
the  point  of  contact.  The  extension  of  ledges  of  this  kind  of  rock  far 
l)eyond  the  possible  reach  of  swift-tlowing  streams,  together  with  the  fact 
that  the  distribution  is  limited  to  certain  sections  of  the  north  coast,  and, 
in  addition,  the  evidence  furnished  by  the  internal  structure  of  the  rook 
itself,  lead  to  the  (*onclusion  that  the  formation  is  essentiallv  an  old  dune- 
sand  deposit.  Sand  dunes  are  developed  on  the  present  coast  line  from 
verv  similar  material,  but  none  of  the  verv  recent  dunes  are  solidified. 
On  the  other  hand,  the  San  Juan  formation  seems  to  have  been  developed 
before  certain  of  the  later  elevations  and  subsidences  that  affected  the 
island  in  its  recent  historv,  so  that  its  material  is  fairly  well  cemented 
and  its  base  extends  below  the  present  water  lev(»l.  Its  outcroj^s  also  ex~ 
tend  to  greater  elevation  above  .sea  h'\el  than  any  of  the  modern  dunes. 
It  is  judged,  th("refore.  that  this  particular  formation  is  the  most  recent 
of  all  in  the  island  t(»  act  as  a  le(lg<»  former,  and  it  is  judged  by  its  situa- 
tion a?Hl  content  to  be  of  Pleistocene  age.  S(»e  additional  deseripti(ni 
under  heading  ''Structural  Features." 

This  is  the  most  unusual  formation  in  the  island.  It  is  a  type  seldoni 
seen  or  seldoni  recognized,  and  it  is  one  of  the  smallest  in  Porto  liico,  in 
spite  of  the  fact  that  it  makes  such  au  inij)oriant  showing  at  San  .hian 
harbor. 

Because  of  the  ju'oniinence  of  tlie  formation  in  the  city  of  San  Juan  it 
is  suggeste<l  by  the  writer  that  the  name  i^'nn  Jmui  formation  be  used  for 
it  and  that  thi>  name  be  confined  to  the  IMeistoc«'iie  beds  re[)resenting 
solidified  sand-<luiie  deposits. 

Arrcllio  Formation. — Xext  below  and  older  tiian  the  San  Juan  forma- 
tion is  a  great  series  of  reef  linu:»^ton(»s  and  siiell  limestones  preceded  by 
shales  that  form  a  belt  of  considerable  width  along  the  north  coast  and  a 
]K>rtion  of  the  south  (-oast  of  the  island.  In  a  large  way  this  series  forms 
a  structural  unit.  Above  it  in  all  ca.<es  lie  the  recent  alluvial  deposits 
and  the  San  Juan  formation  and  below  it  lie  the  older  and  more  compli- 
cated igneous  and  sedimentary  rocks.  The  break  between  these  two  rep- 
resents the  chief  unconformity  in  the  whole  geological  column.  The 
heaviest  development  of  this  formation  is  along  the  north  coast  between 
1'ao  Alto  and  Aguidilla.  Tn  this  belt,  the  massive  limestones  of  the  Are- 
cibo  formation  attain  the  greatest  thi<*kness  observed  anvwhere  on  the 
island,  but  no  opportunity  was  found  for  determining  the  amount  accu- 
rately. There  is  in  sijrht,  how(»ver,  certainly  as  much  as  500  or  600  feer 
in  the  blufls  along  the  AiN'cibo  Eiver.  In  this  belt  also,  especially  farther 
toward  the  west,  in  the  vicinity  of  i.ares  and  San  Sebastian,  there  are  un- 
derlying shales  of  considerable  thickness  which  in  places  carry  lignitic 
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material  and  which  have  been  the  object  of  sonic  exploratory  work  for 
coal.  It  is  evident,  from  observations  made,  that  the  shale  beds  of  the 
Arccibo  formation  vary  greatly  and  in  some  ])laees  are  entirely  wanting. 
At  the  Arecibo  Kiver,  for  example,  where  the  beds  of  the  formation  can 
be  seen  well  exposed  in  the  river  bluffs,  there  is  no  shale  development  at 
all.  The  limestones  lie  abruptly  on  the  eroded  and  somewhat  weathered 
surface  of  the  older  formations  which  at  this  ])oint  are  represented  by 
coarse  and  obscurelv  bedded  or  ev(»n  massive  volcanic  tuffs.  At  the  best 
place  seen,  which  was  on  the  east  side  of  the  river  about  opposite  K-fiG  on 
the  Arecibo  road,  there  were  a  few  feet  of  transition  material  between  the 
limestone  beds  proper  and  the  unmodified  tuff.  Tt  had  not  the  structural 
appearance  and  makeup  of  the  shale  as  seen  at  other  points,  however, 
and  this  part  of  the  formation  is  regarded  as  entirely  absent  on  i\w.  Are- 
cibo River.  Shaly  beds,  however,  are  seen  again  on  the  south  side  of  the 
island  and  their  best  <levclnpm<*nt  is  in  the  vicinity  of  J  nana  Diaz,  where 
som<j  of  the  beds  are  distinctlv  sandv  and  rather  fossilifcrous  ami  carrv 
I)etrified  wood.  Lignite  is  also  reported  from  this  vicinity,  but  no  ma- 
terial of  that  kijid  was  found  bv  the  \vrit«'r.  It  is  more  than  likelv  that 
the  shale  beds  on  oj)posite  sides  o\'  the  ishnid  do  not  corrcsponfl  in  horiziui 
at  all,  but  that  stru(!turallv  thcv  arc  both  l)asal  bcils. 

The  most  striking  dcvidopmcnt  (d*  I  he  slialc  brds  an«l  overlying  nutrls 
and  softer  lavers  of  tliin-bedded  character,  instead  of  the  massive  reef 
structure,  is  on  tlie  Jacagnns  l*iver  south  (if  J  nana  Diaz.  The  dips  also 
of  the  formation  in  ihis  j)articubir  bM-alily  are  nuuli  greater  than  those 
(observed  at  any  (►ther  p(»int.  For  consideral)le  distances  an  average  dip 
of  )>0  to  tU)  degrees  wa,<  estimate«l  and  tlie  lotal  thickness  represented. 
base<l  upon  the  Avidth  <d'  tlie  belt,  Uhust  be  at  least  ILOOO  feet.  At  no 
other  point  on  the  south  side.  howt'Ver,  was  there  an  opportunity  t«)  see 
whether  the  beds  of  this  character  are  constant  or  of  large  lateral  extent. 
As  one  goes  eastward,  a  comparatively  short  <listance,  they  are  almiist  en- 
tirely lacking.  On  the  Descalabrado  River,  which  is  only  ten  kilometers 
to  the  east,  the  underlying  older  series  of  tuffs  and  intruded  shales  and 
limestones  were  followed  to  a  distance  of  two  miles  south  of  the  militarv 

« 

road,  whereas  at  J  nana  Diaz  lluj  basal  shales  of  the  Arecibo  formation 
begin  a  half  mile  above  the  military  road.  Tt  appears,  therefore,  that  the 
formational  margin  is  swinging  ra})idly  southward,  and  it  is  judged, 
from  other  observations  made,  that  there  is  almost  nothing  of  it  repre- 
sented at  a  distance  of  twenty  kilometers  to  tlie  cast^-or.  in  other  words, 
that  the  formation  do«'s  not  extend  farther  east  than  the  vicinity  of  Sa- 

m 

linas.  At  one  other  pcn'nt  (»n  the  south  margin  of  the  islan«l,  there  is  an 
unusually  good  opjmrt unity  to  follow  the  successions  of  I'ormations.  an<l 
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that  is  in  the  viciuity  of  Guanica.  Limestones  Ix^louging  to  the  older 
series  occur  immediately  south  of  Yauco  and  are  very  strongly  developed 
there.  The  hills  in  which  these  beds  outcrop  extend  southward  almost 
continuously  to  Guanita,  but  at  that  ]>oint  observations  showed  that  the 
formation  had  changed  and  is  actually  part  of  the  reef  limestone  of  the 
Arecibo  formation,  although  it  is  possil)le  that  the  large  fault  observed 
west  of  Ponce  may  pass  through  this  area  and  obscure  the  other  structural 
relations.  It  looks,  from  the  rapid  survey,  as  thougli  it  would  be  favor- 
able for  some  of  these  addititmal  studies  oi  the  character  of  the  lower 
heds  of  the  Arecibo  formation.  Between  (iuanica  and  Juana  Diaz,  wher- 
ever the  inner  margin  of  the  Arecibo  formation  was  seen,  it  was  bounded 
by  a  fault  wliich  brings  the  upper  beds  al)rnj)tly  against  the  older  tufifa 
and  shales  of  the  pre-Tertiary. 

The  formation  furnishes  an  abundance  of  fossils.  The  lower  portion 
or  tlie  lower  beds  on  the  south  side  of  tlie  island,  as  seen  at  Juana  Diaz, 
seem  to  be  the  most  ])roniising  for  a  determination  of  the  age  of  the  beds 
of  the  formation,  llidier  beds,  formiui:  a  chalkv  wliite  limestone  to  the 
west  (►f  Ponce,  are  also  very  fossilifcrous,  l)ut  in  this  area  they  are  sepa- 
rated from  the  older  nuk  series  by  a  fault,  so  that  it  is  quite  impossible 
to  tell  how  far  alcove  the  base  of  the  formation  these  beds  may  lie.  It  is 
judged  that  the  portion  of  the  formation  seen  at  Guanica  is  a  still  higher 
horizon,  but  the  exact  a^^e  values  have  not  been  worked  out.  The  total 
thickness  of  the  whole  Tertiary  series  on  the  south  side  of  the  island  is 
very  great.  It  was  istimated  that  the  shales  and  marls  and  limestones 
in  the  vicinitv  of  Juana  Diaz  must  eertainlv  amount  to  three  or  four 
thousand  feet.  For  a  long  distance  alon;i  the  Jacaguas  Kiver  south  of 
Juana  Diaz,  the  beds  stand  with  -a  dii>  of  ai)])roxiinately  thirty-live  de- 
grees toward  the  south  and  throughout  the  greater  portion  the  eharacter 
is  notablv  different  from  the  beds  occurrinir  farther  to  the  west  wliich  are 
judged  to  overly  them. 

To  the  east  of  San  Juan,  along  the  north  coast,  there  is  much  less 
prominence  of  the  Arecibo  formation  and  after  passing  l?io  Piedras  it  in 
no  place  crosses  the  main  road.  There  are  occasional  hills  somewhat 
similar  to  those  charaeteristic  of  the  land-ca])e  of  Bayamon  and  vicinity, 
but  they  do  not  reach  to  so  great  a  height  and  are  separated  by  very  much 
larger  stretches  of  low  ground.  The  strongest  develo]mient  of  this  for- 
mation seen  to  the  east  of  San  Juan  is  that  along  the  Grande  de  Loiza 
River  between  the  railwav  an<l  tln'  cnast.  In  ir<»in^  still  farther  east  to 
the  vicinity  of  Luquillo,  the  inner  margin  of  the  formation  passes  out  to 
sea  and  the  older  formation  reaches  the  shore.  From  this  point  around 
the  whole  eastern  end  of  the  island  no  more  outcrops  of  the  .Vrecibo  for- 
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mation  were  seen,  and  this  is  true  also  of  the  southerly  side  coming  from 
the  east  end  through  Xaguabo  and  Yabucoa  and  Guayania,  and  still  far- 
ther west  to  some  undetermined  point  between  Guayama  and  Santa  Isa- 
bel. There  may  be,  however,  occurrences  of  this  formation  imderlying 
the  alluvial  material  along  the  coast  at  points  considerably  nearer  Guay- 
ama than  the  outcrop  map  indicates. 

The  formation  as  a  whole  is  essentially  a  structural  unit.  Although 
it  is  quite  easy  to  distinguish  the  underlying  shale  member,  especially 
well  developed  between  San  Sebastian  and  Lares,  and  although  there  are 
otlier  structural  changes,  there  is  nowhere  any  appearance  of  unconform- 
ity or  marked  break  in  the  succession.  Besides,  the  shale  member  is  not 
everj'where  developed  and,  as  a  matter  of  fact,  is  seldom  seen  in  tracing 
the  formational  boundaries.  In  some  places,  it  is  definitely  sht)wn  to  be 
absent,  so  that  it  seems  unwarranted  to  represent  this  member  as  an  im- 
portant part  of  the  formation,  so  far  as  areal  distribution  is  concerned. 
Judging  from  field  ol)servations  already  made,  tlie  sliale  and  marl  beds 
are  more  extensively  developed  on  the  south  side  than  elsewhere.  But 
this  is  based  on  observations  in  one  particular  area  and  the  meml)er  can- 
not be  traced  verv  far  in  either  direction  because  of  other  difficulties. 
The  beds  lying  al)ove  the  shales  and  representing  the  part  referred  to  as 
a  more  massive  limestone  portion  are  probably  susceptible  to  considerable 
diflFerentiation  on  the  basis  of  fossil  content,  and  it  is  entirely  possible 
that  a  rather  complet^^  range  of  Tertiary  horizons  may  be  determined 
after  complete  paleontologic  study.  Tn  the  field,  however,  and  on  the 
basis  of  structural  factors,  there  is  no  apparent  ground  for  subdivision. 
In  this  discussion,  therefore,  the  whole  series  of  l>eds,  from  the  uncon- 
formity at  the  base  to  the  alluvium  and  San  Juan  formation  overlying  it, 
is  referred  to  as  a  single  formation  and,  on  account  of  its  extensive  devel- 
opment in  the  region  about  Arecibo,  it  is  suggested  that  a  suitable  name 
would  be  the  Arecibo  formation. 

Some  parts  of  the  formation  show  the  peculiarities  and  content  of  a 
coral  reef,  and  these  portions  have  the  most  irre;2:ular  and  most  massive 
structures.  Other  parts  show  bedding  structure  more  or  less  perfectly  de- 
veloped, and  throughout  ihe  whole  formaiioii  liere  ninl  there,  at  irreguhir 
intervals,  and  usuallv  of  onlv  verv  limited  extent,  IIhto  are  more  shalv 
facies.  It  is  the  opinion  of  the  writer  that  this  irregular  distribution  of 
shaly  beds  is  responsible  for  one  of  tho  jieculiar  topo<zraphio  features  de- 
veloped in  the  belt  underlain  by  the  Arecibo  formation.  This  is  the 
occurrence  of  almost  perfectly  flat  soil-covered  areas  of  no  very  great 
lateral  extent  at  different  levels,  al)Ove  which  the  numerous  small  knobs 
or  hillocks  of  limestone  rise,  giving  the  peculiar  haystack-like  topography. 


This  ly[X'  of  tiJiiii;.'rn|jhy  is  rcprt-si'iitcd  liv  tliv  small  Icvfl  tract  surruundeJ 
or  (lotttil  over  with  small  hills,  calk'il  "|n.'|)iiii>  lulls'"  liiciilly,  shim  ling 
liki^  liayrttauks  jiijuvr  t!u;  plHLii  at  iiiiiuy  liilTrrciit  rloMitiiuis  iilicnu  tlic  sea. 
This  loads  tu  the  bi'llef  that  tho  riinilaiiii'iiial  control  in  its  drvclopiin'iit 
is  tlie  |trt'scnce  ol'  a  slialy  Iml  in  the  scrii.'s,  wliidi  forms  ni  i-uc-h  point  the 
liasirt  ol'  the  local  jilaiii.  TIk'  hillotfc  t-tantliii;:  iilmvc  it  or  suiTcHiinling 
it  reprcsfiit  remnants  of  tlii;  more  massive  and  [irobahly  more  [xirons  and 
more  easily  destroyed  lim.-stniic  whieli  has  Iwen  nitacked  and  larficly 
removed    liy  weatherin;:.  ami  es|)eiiall\    liy  snluliuii,  liuuii   (o  the  more 


the  |>e<iiliar  (o|Mi{,'ra|iliii'  form  just  drsi-riiir<),  il  is  (|uile  easy  to  sir  thai 
llie  disiril.iitii.li  of  siJc-li  features  shoiiM  1k^  (>x|n^led  [■>  be  ratlier  irregniar 
lioiii  ill  lat.-ra!  .-xlcni  and  in  aetual  ek'vafi.ni  aUuv..'  sea  levi-1  or  in  reiu- 
liori  (o  ihe  iiitfe.reiH  hori>:ons  Iti  (he  ri.riniilion  il-elf.  In  re^'ardiiig  lliis 
as  the  iniiliipal  fa.lor.  there  is  no  telld.^n.y  lo  ..verlook  the  la.t  llnll  llio 
island  lias  stuod  al  .liirerenl  ele\ati..iis  with  respeet  to  sea  levl  in  fomuT 
limes,  and  thai  a  enrrespomling  dilferen.;,.  in  ground  waler  levels  wgiil.l 
In.  f.-h  lhr..ii^di.iiii  (lie  lioril.-r  r.--i..n.      Riir  (here  is  no  eviden.-.'  whatever 
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tliat  the  numerous  different  levels  represented  by  many  of  the  small 
plains  referred  to  above  were  necessarily  connected  with  any  of  these 
subsidence  changes.  Additional  comment  on  the  hillock  topography,  so 
strongly  developed  in  some  parts  of  the  area,  is  made  in  connection  with 
discussion  of  drainage  in  another  part  of  this  paper. 

The  Arecibo  formation  is  of  Tertiary  age.  So  far  as  identifications  of 
the  fossils  have  gone,  they  appear  to  confirm  the  opinion  that  the  larger 
part  of  the  formation  belongs  to  the  Oligocene  epoch.  These  determina- 
tions were  based  largely  on  collections  made  in  the  heavy  limestone  beds 
and  reefs  in  the  vicinity  of  the  Quelbradillas  Eiver.  The  shale  beds 
lying  at  the  base  of  the  series,  and  exposed  farther  to  tlie  south  in  the 
vicinity  of  Lares,  are  certainly  somewhat  older  and  probably  belong  to 
the  Eocene  epoch.  There  are  higher  beds  developed  rather  irregularly 
that  doubtless  represent  still  later  time,  referred  by  Hill  to  the  Miocene 
epoch,  but  these  determinations  must  be  left  to  future  detailed  study  of 
the  formation  as  a  whole. 

It  is  considered  eminently  fitting  to  refer  to  some  of  the  chief  varia- 
tions which  have  especially  strong  development  in  certain  localities,  by 
special  locality  designations,  such  as, — San  Sebastian  shales,  Ponce  chalky 
limestones  and  marls,  Juana  Diaz  shales  and  marls,  Guanica  coral  reefs, 
Quebradillas  reef  limestones,  etc. 

The  correlating  of  all  these  and  other  local  representatives  of  the  Are- 
cibo formation  is  a  work  that  can  be  done  onlv  bv  extensive  and  detailed 
stratigraphic  study  and  paleontologic  comparison.  This  is  one  of  the 
larger  pure-science  problems  awaiting  future  invos^tigation. 

Older  Series 

Below  the  Arecibo  formation  and  forming  the  surface  in  the  interior, 
beyond  the  Arecibo  margin,  the  island  is  made  up  of  an  exceedingly  com- 
plex series  of  manv  different  kinds  of  rocks.  Thev  include  chieflv  varie- 
ties  of  igneous  rocks,  both  extrusive  and  intrusive,  both  fragmcntal  and 
massive,  ranging  from  small  stringers  or  dikes  or  flows  to  large  boss-like 
-masses  that  cover  many  square  miles  in  area.  In  addition  to  the  igneous 
rocks  of  these  types,  there  are  numerous  shale  l>eds  and  conglomerates  of 
rather  massive  habit  aggregating  a  very  great  thickness,  and  with  them 
are  associated  limestones  and  foraminiferal  bed<  of  considerable  varietv. 
A  study  of  the  rocks  of  this  series  for  the  purpose  of  determining  their 
character  and  origin  indicates  that  practically  everything  in  the  older 
series  except  the  limy  portions  of  the  shales  or  the  limestones  proper  are 
more  or  less  directly  of  igneous  origin.  The  coarser  materials  and  those 
least  affected  by  any  secondary  j)rocesses  are  the  tuffs  which  are  of  direct 
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volcanic  origin  and  are  exceedingly  abunduiit  and  extensive.  Tiiey  are 
found  at  intervals  in  all  parts  o(  the  seriet:,  and  it  is  impossibk'  to  say 
that  they  are  either  more  or  less  abundant  in  tlmso  [wnions  whicli  appear 
to  be  older,  rather  than  in  tliose  which  a|i|iear  lo  be  yoiin;jer  or  liifiher  in 
the  series.  The  closest  associate  of  these  inaterinls  is  the  bedded  ttilf. 
made  up  of  volcanic  fragnients  which  have  Iwen  somewhat  assorted  by 
surface  agencies  so  thai  they  exhibit  some  sedimentary  slructural  charac- 
teristicy.  Those  are  al^j  cxceedinijly  abundant  and  widely  distributiil  and 
they  jiaps  liy  inseni^ible  frradations  of  liner  and  finer  materials  into  those 


that  are  recugniKcd  as  true  ash  Ijeds.  Jlost  of  these  have  become  so  thor- 
oughly cemented,  or  so  nuich  modified  hy  swmidary  attack,  that  they  now 
present  a  jierfeetly  sound  and  C(mi]iaet  ap[K'araiur,  In  thin  scelioii. 
however,  il  is  easy  to  see  that  the  material  is  wholly  volcanic  and  that 
the  Iwddiu;:  is  the  only  swondary  modification  cxce[)i  that  having  In  dn 
wirh  the  biudiug,  induration  or  alteration  "f  the  nak.  The  ash  beds  are 
pr<.l.ably  el.ise  relatives  of  the  so-called  shales. 

^7lff^■N.— Kniks  of  this  type  are  developed  characterislically  a\    Va- 
jard.i,  at  Alayngiie/.  near  Hiininquiias  and  at  numerous  other  points,  espe- 
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cially  along  the  divides  toward  the  west.  At  the  two  points  first  men- 
tioned, in  particular,  they  are  light  yellowish  or  reddisli  in  color,  rather 
porous  in  structure,  strongly  bedded  and  have  a  prominent  blocky  frac- 
ture habit.  The  exact  cliaracter  of  these  rocks  is  a  question  under  study 
at  the  present  time,  but  enough  has  been  done  to  show  that,  in  their 
present  condition,  they  liave  been  oxidized  to  the  yellow  or  red  color,  and 
have  been  leached  so  that  they  have  a  porous  structure  and  light  weight 
due  to  the  removal  of  at  least  a  part  of  some  constituent  that  is  more 
readily  soluble  than  the  rest  of  the  rock.  ^licroscopic  comparison  with 
beds  of  the  same  structural  relation,  but  of  verv  dark  color  and  verv 
dense  habit,  leads  to  the  opinion  that  the  two  types  are  not  essentially 
different  in  origin,  but  that  the  lighter  colored  and  lighter  weight  shales, 
such  as  are  found  at  Fajardo  and  at  ^fayaguez,  are  simply  the  weathered 
equivalents  of  darker  ones.  It  appears  from  this  comparison  that  the 
shales  are  normally  highly  calcareous  and  that  the  lime  content  is  sup- 
plied by  the  presence  of  a  very  large  amount  of  organic  matter  in  the 
form  of  foraminifera.  In  some  cases  this  organic  matter  makes  up  fully 
one  half  of  the  rock  and  in  all  cases  weathering  produces  a  very  porous 
effect  that  should  be  expected  to  be  identical  with  the  red  and  yellow 
shales  occurring  typically  at  Fajardo  and  ^layaguez.  The  siliceous  con- 
tent of  all  of  the  shales  examined  j)roves  to  be  exceedingly  fine  and  wholly 
lacking  in  granular  or  quartzose  material  such  as  characterizes  most  sedi- 
mentary shales.  It  is  the  judgment  of  the  writer  that  this  material  in 
the  shales  of  Porto  Kico,  instead  of  being  the  ordinary  disintegration 
products  derived  from  the  weathering  of  ordinary  land  masses,  is  in 
reality  largely  ashy  material  of  volcanic  origin.  With  this  conception  of 
them,  it  would  a])])ear  that  even  the  limy  shales  are  therefore  close  rela- 
tives of  the  ash  beds,  and  it  is  entirely  ])ossii)le  that  they  do  not  represent 
any  great  difference  in  history,  but  rather  somewhat  different  surround- 
ings during  accunmlation. 

Limestones. — Besides  the  shales,  there  are  massive  limestone  beds  of 
several  different  types. 

In  most  cases  the  occurrences  are  separated  by  structural  complexities 
that  make  it  uncertain  about  field  correlation,  but  undoubtedlv  later  field 
study  w^ill  connect  some  of  these  and  additional  paleontologic  study  will 
arrange  their  succession.  The  most  ])roniinent  occurrences  seen  are  de- 
scribed })elow. 

Coamo  Tuff'TAmeMone. — The  limestone  with  the  closest  genetic  re- 
semblance to  the  types  already  described  is  represented  in  a  broad  belt 
passing  from  soutli  to  northwest  across  the  u])per  end  of  Coamo  Keservoir 
near  Coamo  S|)rings,  and  which  can  be  trared  in  prominent  develo])ment 
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westward  across  the  Descalabrado  River  to  tiie  Jacaguas  Reservoir,  Sim- 
ilar limestones  are  found  at  other  points  on  the  south  side  of  the  island 
and  are  judged  to  belong  to  the  same  member  of  the  older  series.  Be- 
c&nse  of  the  strong  development  in  the  vicinity  of  Coamo  Springs,  and 
because  of  the  fact  that  it  represents  a  type  bo  striking  as  to  be  recog- 
nizable as  a  field  unit,  the  limestone  has  been  called  by  us  in  tlie  field  the 
Coamo  Tuff -Limestone.  It  is  developed  in  the  vicinity  of  the  Coamo 
Eeservoir  to  a  thickness  of  several  liundrcd  feet  and  its  most  charactor- 
istic  npiiparanoe  is  the  brownish  mottled  color  effect  produced  l)y  the 


t'la.  S. — Inttrbedded  coamo  Umt*ton»  tai/eri  icUh  matairt  tuffa 
TI1I9  farmattoD  \a  seeo  at  ibe  mlUIary  coad  crossing  of  tbe  Descalabrado  Rlrer. 

presence  of  fragments  of  tuff  and  accumulations  of  ash.  In  some  beds 
this  material  is  s<>  abundant  as  to  make  up  almost  the  whole  ruck  and  it 
becomes  an  interhedded  tuff  layer.  Occasionally  (he  limestone  beds  are 
very  pure  and  almost  entirely  free  from  volcanic  materials,  and  there  are 
also  numerous  beds  of  real  volcanic  tuff,  but  typically  there  is  an  inter- 
mixture of  tuff  matorinls  with  the  limo  in  great  enough  aljuudance  to 
give  a  brownish  spotted  or  mottldl  effect.  An  equally  characteristic 
feature  of  the  rock  is  its  cmicretionary  or  nodular  ap]Jfarancc  due  to 
algous  growths  to  which  the  lime  accumulation  is  chiefly  due.  The  finest 
development  to  be  seen  anywhere  in  the  island  is  on  the  Pescalabrado 
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Biver  at  the  point  where  the  military  road  crosses  it.  A  photograph  of  the 
interbedded  relation  of  tuff  and  limestone  at  this  point  accompanies  this 
discussion.  This  is  probably,  in  part  at  least,  the  rock  referred  to  by 
Hill  in  some  of  his  discussions  as  "mountain  limestone.''  It  seems  to  us 
that  the  several  occurrences  of  limestone  beds  which  have  clearly  differ- 
ent relations  in  the  series,  and  the  probability  of  being  able  to  place  them 
in  different  horizons,  based  on  this  content,  makes  it  desirable  to  use 
more  characteristic  local  designations  for  them.  Such  usage  cannot  be 
confusing  even  if  it  should  be  proven,  as  it  may  very  well  be,  that  some 
of  them  are  identical.  In  this  discussion,  therefore,  wherever  possible, 
the  chief  occurrences  that  are  not  clearly  identical  with  formations 
already  described  are  characterized  by  adding  the  name  of  the  locality 
where  there  is  especially  good  development  of  the  formation.  A  lime- 
stone seen  at  Coqui,  considerably  farther  east,  and  several  occurrences 
near  Yanco,  and  others  still  farther  toward  the  west,  have  many  points 
of  resemblance  to  the  Coamo  limestone.  In  some  cases  even  the  brown 
volcanic  spots  are  also  present,  but  this  is  not  true  of  all  places.  The 
most  constant  index  as  seen  in  the  field  is  a  fine  meshed  coralline  fossil 
form,  strikingly  resembling  a  piece  of  loosely  woven  cloth. 

The  limestone  beds  developed  at  Coamo  reservoir,  however,  rarely  show 
this  type,  but  instead  have  a  remarkable  development  of  algae  of  the  form 
known  as  Lithotliamnia. 

Trujillo  Alto  Limrslofie. — There  are  several  other  limestone  members 
in  the  older  series.  One  has  been  observed  onlv  on  the  north  side  of  the 
island  in  the  vicinity  north  of  Trujillo  Alto  and  in  the  vicinity  of  Loiza. 
This  is  a  ver}'  dense  fine  bluish  limestone  made  up  wholly  of  fine  micro- 
scopic organic  growths.  In  some  places  it  has  a  rough  fragmental  struc- 
ture, but  for  the  most  part  the  rook  is  massive  and  the  abundant  organic 
content,  largely  algje,  is  its  most  striking  characteristic.  Whether  it  is 
younger  or  older  than  the  Coamo  limestone  has  not  been  determined,  but 
that  it  belongs  essentially  to  the  samo  general  series  is  quite  certain. 
On  account  of  its  distribution  it  is  conveniently  referred  to  as  the  Tru- 
jillo Alto  limestonp  reef.  This  member  probably  has  a  very  moderate 
thickness  and  iio  groat  aroal  distribution.  It  is  affected  by  solution  de- 
veloping caves  at  ilie  Trujillo  Alto  locality  in  much  the  same  manner  as 
is  the  Arecibo  foruuitir)ii.  hut  tin'?  rcx'k  is  a  much  more  compact  type  and 
its  content  and  stnictural  relations  are  quite  distinct.  It  was  probably 
of  reef  origin  also,  but  is  associated  intimately  with  the  upper  shale 
members  of  the  older  series  rather  than  with  the  TertiaiT  series. 

'^ShretP'  TAmei^fone. — Auolhor  limestone  may  be  seen  at  several  ])laces 
on  the  Arecibo-PoTice  road  on  the  south  side  of  the  divide  from  K-13  to 
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K-ID.  It  has  no  great  tliiekness,  but  there  are  several  independent  beds. 
Its  most  striking  character  is  the  presence  of  patches  of  dark  color  dis- 
tributed in  a  shred-like  way  through  the  grayish  mass.  1'he  rock  as  a 
whole  is  massive,  exceedingly  compact,  of  a  bluish  gray  color,  and,  except 
for  these  dark-colored  shreds,  shows  no  recognizable  structure  whatever. 
They  contain  algae,  however,  which  are  expected  to  determine  something 
more  definite  about  their  position  in  the  series,  but  they  are  obscure 
forms,  and  doubtless  considerable  work  will  have  to  be  put  on  these  beds 
to  determine  their  exact  horizon.  Thev  are  intimatelv  associated  with  a 
series  of  igneous  fragmental  beds  and  a  considerable  thickness  of  very  red 
shale  or  ash  beds.  Together  these  alternating  limestone  and  red  frag- 
mental beds  make  a  striking  structural  succession  which  was  not  seen 
anywhere  else.  They  lie  in  a  position  which  is  not  far  from  the  point 
where  the  Coamo  limestone  belt  should  be  expected  to  cross  the  Ponce- 
Arecibo  road,  but  no  such  structural  development  has  been  noted  at  any 
other  place.  It  is,  of  course,  possible  that  the  fine  red  ash  represents  the 
tuffs  of  the  regular  Coamo  formation  and  the  "shred''  limestone  repre- 
sents a  phase  of  the  Coamo  not  developed  elsewhere,  but  the  striking 
physical  difference  encourages  the  making  of  a  distinction,  at  least  for  the 
present. 

La  Muda  Limestone. — A  rather  licavy  develoi)nient  of  limestone  in  the 
vicinity  of  La  ^luda  between  Rio  Piedras  and  Cagiias  has  some  super- 
ficial resemblance  to  the  beds  just  described  from  the  Arecibo  road,  but 
their  relationship  is  not  fully  dctennined.  The  rock  is  not  prominently 
tufaceous  and  is  not  marked  in  tlie  same  way.  It  has  in  places  a  coarse 
fragmental  structure  almost  oomplotely  ol)scured  by  healing  and  it  is,  as 
usual,  attacked  by  cave  develojmient.  Some  of  the  caves  have  collapsed, 
leaving  a  complex  ag^a'cgate  partly  made  up  of  igneous  material  filling 
the  former  chambers.  A  conglomerate  bed  lies  beUnv  the  limestone  and 
shale  at  this  point  and  l>oth  are  cut  off  abruptly  by  a  large  intrusive 
mass.  ITow  these  are  related  to  other  typical  mtmibers  of  the  older  series 
is  not  knoAMi,  but  it  will  be  possible  to  trace  the  beds  to  more  definite 
relations.  This  is  probably  one  of  the  oldest  limestone  members  in  the 
pre-Tertiar}-  series.  It  is  conveniently  referred  to  as  the  La  Muda 
TAmestone. 

In  addition  to  this  there  are  verv  numerous  small  or  thin  local  devel- 
opments  of  limestone  layers  distributed  through  the  shale  beds  at  various 
points.  Tlle^e  are  tiiken  lo  Ix',  in  most  cases,  simply  somewhat  more 
heavily  developed  limy  layers  of  the  same  origin  as  the  rest  of  the  fora- 
miniferal  and  ashy  shales:  but  the  nature  of  their  origin  shows  thai  it  is 
reasonable  lo  ex])e(t  a  devrlnj)mcnt  of  calcareous  content  sufilcient  to 
make  them  more  of  a  limestone  than  a  shale. 
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"Mountain  Limestone/' — In  some  localities,  such  as  that  near  Barrau- 
quitas,  and  probably  at  other  points  along  the  same  divide,  the  shaly  beds 
become  very  calcareous,  as  has  been  pointed  out  by  Mr.  Hill.  These 
were  referred  to  bv  him  as  limestones  and  are  probablv  included  in  his 
'^mountain  limestone''  and  estimated  that  the  thickness  of  such  beds 
amounted  to  fully  a  thousand  feet.  The  prominence  of  the  shaly  struc- 
ture in  these  beds  and  their  apparently  close  genetic  relation  to  the  type 
described  in  this  discussion  as  shales,  leads  us  to  regard  this  occurrence 
as  essentiallv  the  calcareous  extreme  of  the  shale  series.  As  already 
noted,  the  shales  are  characteristically  calcareous  and  some  of  them  are 
predominantly  so. 

Corozal  Limestone, — At  Corozal,  a  fragmental  limestone  was  seen  just 
south  of  the  village.  Its  relations  were  not  worked  out  and  its  meaning 
is  therefore  not  well  understood,  but  its  structural  peculiarities  lead  to 
the  suspicion  that  it  may  be  associated  with  volcanic  fragmental  accumu- 
lation. It  was  found  that  in  at  least  one  place  in  another  part  of  the 
island  there  had  been  volcanic  outbreaks  through  heavy  limestone  beds, 
and  it  is  evident  that  fragmental  material  from  such  activity  might 
therefore  include  a  good  deal  of  simple  limestone  fragments.  It  is  hardly 
conceivable  that  they  would  in  most  places  accumulate  in  enough  abun- 
dance to  make  a  limestone  bed  a  second  time,  but  such  a  thing  is  doubt- 
less possible. 

Conglomerates. — There  is  a  very  extensive  devel()])ment  of  conglomer- 
ate occurring  in  a  belt  whose  general  trend  seems  to  be  from  southeast 
toward  the  northwest,  crossing  the  military  roa*!  between  Aibonito  and 
C'oamo.  There  must  be  a  total  thickness  of  strata,  including  shales  and 
interbedded  tutTs  with  occasional  small  limestone,  of  perhaps  several 
thousand  feet.  In  all  parts  of  the  formati(ni  where  conglomerate  is  de- 
veloped, the  pebbles  represent  the  same  kinds  of  rocks  as  were  encoun- 
tered in  the  tuffs  and  intrusive  masses.  Actual  representatives  of  previ- 
ously solidified  bedded  material  or  indurated  ash  or  shales  are  very  rare, 
but  in  one  case  at  least  a  pel)lde  was  observed  that  was  judged  to  repre- 
sent a  fragment  fnmi  an  older  silicilied  tuif.  As  a  matter  of  fact,  the 
materials  are  practically  all  of  simple  igneous  character  and  the  matrix 
in  most  parts  of  the  formation  is  very  abundant,  or  even  predominant, 
the  particles  of  which  are  of  the  same  igncnms  material.  The  distribu- 
tion of  material  and  the  range  of  composition  leads  on(»  to  believe  that 
this  conglomiTate  represents  a  special  state  or  condition  whereby  ma- 
terials of  essentially  tufac(»ous  origin  were,  immediately  after  their  vol- 
canic eruption,  worn,  rounded,  somewhat  assorted  and  bedded  and  mixed 
with  related  material.    At  the  point  examined,  there  was  no  satisfactory 
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evidence  of  marked  unconformity  between  tlu*  conglomerate  almve  and 
the  underlying  series  of  fonnations.  But  the  fact  that  tlie  conglomerate 
beds,  which  follow  to  great  thickness,  are  prevailingly  of  simpler  struc- 
tural habit,  as  compared  with  the  calcare<»us  shales,  ash  and  tuflf  scries 
immediately  below,  suggests  that  there  may  be  a  break  here  of  larger 
consequence  than  is  observed  in  other  j)arts  of  the  pre-Tertiary  or  older 
series. 

The  development  of  so  extensive  a  series  of  conglomerates  doubtless 
does  represent  a  considerable  cliange  in  physical  conditions,  compared  to 
those  controlling  simpler  deposits  which  preceded  and  followed  them,  and 
it  is  possible  that  it  may  be  found  useful  in  separating  the  complex  series 
of  older  mixed  bedded  rocks  and  tutfs  into  an  obh»r  and  a  younger  divis- 
ion by  using  this  conglomerate  as  a  <lividing  member.  This  is  supported 
to  Some  extent  bv  tlic  occurrence  of  a  contrlonuTate  of  similar  character 
but  of  verv  much  K-ss  extent  on  the  north  side  of  the  island,  several  miles 
south  of  Rayani(»n,  and  also  one  of  apjjarently  Icsj?  ])roniinence  near  La 
Muda.  If  additional  field  work  should  show  that  the  cnnglomerate  belt 
coubi  !)('  traced  from  one  .^ide  of  the  island  to  the  other,  it  seems  to  me 
that  it  would  l)e  entirely  j)racti(?able  to  make  this  divisi(»n. 

The  conglomerate  is  invaded  by  igneous  intrusive  material  in  much  the 
same  manner  as  is  observe* I  in  the  other  rock  formations,  but  the  massive 
habit  of  the  rock  as  a  whole  leads  to  a  predominance  of  transverse  dike- 
like masses  ratlu'r  than  the  simpler  looking  sills.  At  «me  point  in  par- 
ticular, however,  near  K-S(i  on  the  miliiarv  road  hetwt'cn  Aibonito  and 
Coanio,  the  c<»nglonu'rat4'  has  been  in\a<led  by  a  magma  that  must  have 
been  fluid  (MMnii:h  to  jM-netrate  the  porous  matrix  surnainding  the  con- 
glomerate pebbles  where  it  now  exhibits  a  crvstalliiie  habit.  This  in- 
jected matrix  is  essentially  a  coarsi'  <liorite  i»or|>h\rv  in  composition, 
through  which  the  pebbles  are  distributed  in  the  manner  that  they  seem 
to  have  had  in  the  original  roek,  so  that  there  are  still  obscure  traces  of 
bedding  structure.  Then-  are  additional  ])etrogra]>hic  peculiarities  in 
this  rock  that  will  be  described  under  a  ditferent  heading.  This  tendency 
of  the  dioritii"  magma  to  ])enetrate  and  incorporate  fragmental  matters 
was  noted  in  several  other  ]daces.  It  was  most  strikingly  exhibited  in 
certain  intrusive  members  cutting  through  tulT>  and  shales.  In  some  of 
these  cases  there  is  st)  great  a  quantity  of  fragmental  matter  as  to  wholly 
obscure  the  true  nature  of  the  rock  unless  one  can  .-ei*  the  structural  rela- 
tions. In  the  case  of  the  conglomerate,  however,  the  crystalline  habit  of 
the  matrix  is  a  striking  feature  and  it  is  \ery  evident  that  it  is  wholly 
difft'rcnt   from  the  n-gular  connlnmerate  habit. 
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I'uffs, — The  most  abundant  of  all  of  the  rock  types  is  represented  by  a 
great  variety  of  volcanic  tulTs.  These  aeeuniulations  seem  to  In?  the  fmida- 
mental  basis  of  the  whole  island.  Whatever  has  been  formed  in  the  way 
of  shales,  sandy  beds  or  conglomerates  or  any  other  of  the  ordhian*  sedi- 
mentary types  seem  to  be  directly  derived  from  the  same  material  that 
makes  up  the  tuffs  and  the  rocks  directly  associated  with  them,  relate<l  in 
an  interbedded  succession.  In  most  cases,  the  tuffs  are  essentially  massive 
in  their  structural  habit  and  are  made  up  of  a  complex  accumulation  of 
large  and  small  fragments  of  volcanic  materials  which  prove  to  be  chiefly 
andesitic  and  closely  related  porphyritic  types.  There  is  great  variety  in 
texture  and  minor  structure  and  present  condition,  but  on  the  whole  there 
is  enough  uniformity  of  actual  composition  to  justify  classing  them  all 
as  andesitic  tuffs. 

In  very  many  places  there  is  obscure  bedding  structure  indicating  a 
tendency  to  assort  and  work  over  this  material  at  the  time  of  its  deposi- 
tion. This  is  especially  noticeable  in  the  inier  materials  and  some  of 
these  beds  are  made  up  essentially  of  ash.  These  ash  beds  resemble  the 
type  referred  to  as  shales  so  closely,  in  some  j>la(:es,  that  it  is  impossible 
to  distinguish  between  them  in  their  field  appearance.  1  judge  also  that 
there  is  practically  a  gradation  from  one  rock  to  the  other,  the  ash  beds 
showing  transitions  to  shales,  especially  where  they  have  developed  under 
conditions  encouraging  much  weathering  and  working  over  of  the  f rag- 
mental  materials  and  promoting  the  growth  of  organisms  in  suttlcient 
amount  to  make  the  accumulating  lu*ds  stanewhat  calcareous  in  compo- 
sition. 

Tuffs  and  ashes  are  well  known  to  be  es])ecially  liable  to  attack  by 
alteration  and  to  the  ordinary  changes  that  moclify  rocks.  It  so  happens, 
therefore,  that  many  of  these  representativi's  are  completely  modified  and 
have  become  so  drnse  that  thev  exhibit  nonr  of  their  asliv  or  fra;rmental 
structure  without  microscopic  examination.  In  this  condition  they  are 
usuallv  also  exceedin«rlv  hard  and  as  n  sistr'nt  tn  «l(*struction  as  the  hard- 
est  crystalline  rock.  The  largest  jlcvclopnient  of  massive  almost  struc- 
tureless tulTs  which  were  seen  occupv  the  Sierra  dc  Cavey  iu'tween  (iuav- 
ama  and  Cayey  and  also  the  range  along  the  military  road  toward 
Aibonito;  hut  there  are  extensive  ne(urren(*es  in  many  other  sections. 
Some  of  the  most  ]>ruminently  <levelnj)ed  h«Mld<M|  tiilfs  and  ash  beds  were 
seen  on  the  north  Hank  (»f  Kl  ^'un<iue  ahuiLT  thr  Sahaiia  IJiver  and  on  the 
north  side  v(  the  divid<'  helow  Comerio.  and  also  alon^r  the  Ponce-Arecibo 
Koad  both  near  the  summit  of  the  ranp*  and  farther  to  the  north  midway 
between  Areciho  and  IJtuado. 

From  what  was  sei'ii  of  this  typi'  of  rock,  it  was  not  possible  ti»  form  a 
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<lefinit^  conclusion  concerning  the  a^e  represented  except  by  their  rela- 
tion to  certain  interbedded  shales  and  limestones.  It  appears  that  the 
underlying  older  portions  of  the  series  of  tuffs  and  ash  bMs  have  com- 
paratively little  of  such  interbedded  calcareous  material  and  liave  every- 
where been  modified  or  altered  or  metamorphosed  to  a  greater  degree  than 
beds  that  lie  higher  in  the  series.  But  beyimd  this  there  is  little  to  judge 
of  the  actual  age.  As  one  goes  higlier  in  the  series,  however,  there  are 
occasional  prominent  limestone  nieml)ers  with  which  tuffs  are  intimately 
associated  or  interbedded,  and  it  may  l)e  jx)ssible,  by  reason  of  these  rela- 
tions, to  form  a  more  accurate  estimate  of  the  geologic  age  of  this  later 
portion  of  the  series. 

Volcanic  Flows. — In  addition  to  tlie  sedimentary  l)eds  of  various  sorts 
and  tlie  related  tuffs,  there  are  *at  occasional  places  evidences  of  volcanic 
lava  flows.  These  were  seen  at  several  ])laces  on  the  road  between  Baya- 
mon  and  Barranquitas.  They  are  amvgdaloidal  in  present  habit  and 
represent  vesicular  l)asalt  and  andesitcs.  On  the  whole,  evidences  of  lava 
flows  on  a  large  scale  are  wanting.  This  kind  of  product  seems  to  have 
been  very  much  more  rare  than  the  i'ragniental  type.  A  more  prominent 
thing  as  a  struetural  feature  is  the  oeeurrence  of  very  numerous  intrusive 
bodies. 

Infrusii'cs, — The  intrusive  masses  in  Torto  Eico  occur  in  all  parts  of 
the  island  and  in  all  of  the  formations  except  the  Arecil)o  and  the  over- 
lying alhnial  deposits.  No  siieh  evidence  was  seen  in  any  part  of  the 
Tertiary  of  youn<rer  series;  but  the  complex  series  of  rocks  representing 
the  i)re-Tertiary,  here  referred  to  as  the  older  series,  are  cut  in  all  sorts 
of  wavs  bv  both  larixe  and  small  intrusive  masses.  The  smaller  intrusives 
are  chiefly  andesite  ]>or|)hyry  in  coin])osition  and  have  everywhere  pene- 
trated tlu*  shales  and  ash  heds.  The  commonest  occurrence  is  in  the  form 
of  small  sills  or  sheets  conformable  t-o  the  bedding  structure  and  varying 
in  thickness  from  only  a  few  inches  U)  many  feet.  These  sills  are  so  per- 
fect in  form,  have  so  little  disturbed  or  modified  the  adjacent  beds,  and 
are  so  similar  in  general  composition  and  aj)pearance,  aftvr  weathering, 
to  the  associated  sedimentary  heds,  that  it  is  (\\i'\W.  impossible  to  deter- 
mine in  all  cases  how  nnich  intrusive  and  how  much  (►riginal  sedimentary 
rock  is  involved.  The  onlv  thing  noticed  as  a  rule  is  the  uniformitv  of 
petrograi)hic  structure  that  seems  to  l>e  characteristic  of  the  intrusive  as 
comj)arcd  with  the  associated  beds.  The  simplest  occurrences  of  sills  of 
this  kind,  which  at  the  same  time  show  tlieir  igneous  intrusive  character, 
were  seen  near  Kajardo,  near  Rio  Picdras  and  in  the  vicinity  of  Conun'io. 
But  occurrences  of  tlu^  same  kind  are  exceedinglv  numerous  in  nearlv 
everv  district  and  in  total  amount  form  a  verv  great  additional  thickness 
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to  the  bcdilwl  rocks,  shales,  ash  beds,  etc.  with  which  they  are  associated. 
In  some  cases,  these  invailing  luagnias  have  incorporated  great  quantities 
of  fragmental  matter,  piling  the  rock  in  its  present  condition  a  very 
strikingly  fragmental  aiipearance.  This  habit  associated  with  its  per- 
fectly apparent  intrusive  relation  makes  a  very  unusual  combination  in 
the  field.  In  many  places  there  are  included  blocks  of  immediately  adja- 
cent rock  such  as  one  sees  in  the  occurrence  at  tlie  quarry  at  Fajardo 
Playa,  but,  in  estremo  cases,  the  mass  is  chiefly  fragmental  in  its  make- 
up and  one  could  not  readily  Interpret  its  history  witliont  complete  field 


Vvi.  U.  -DIorlle  noinbgrn  illlt 

These  alUa  nm  Itilrudecl  Ih-Iwii-ii  Inrirs  of  i-nliurvimi  shales  and  uali  Ix^ils  od  the  ronfl 

neiir  Ciimorlo.     'J'lii'  Kln-iikii)  nv  iHiiiili'd  Iny.'n  tirr  kIwIpk.  tlm  iimsxlve  |H>rlliiDii,  wen  bnst 

Bt  Ihi-  left  slile  i)f  ilie  ijrltil.  iin-  sills,     .1  ininsMii'ssivp  relMl'jii  iiiii  bi'  wt.'a  bvlu'wn  (lie 

two  iBj-^ra  Dt  til.'  .-xtn-m.-  li-fi. 

deteruiination  of  IIm  rf!ntioiis,  iriiuli  ot-rurrencos  may  be  si'eit  in  tbi- 
vicinity  of  CiuHyiiina  on  tlic  road  iibout  a  milu  eait  of  that  place,  awl  als.. 
a  short  distaiict:  suutli  of  Rio  I'iuilras. 

Few  of  these  lnlrusi\e  masses  sliow  linyijiiiijj  but  a  nillier  unlfonn 
medium  griiln  texture  and  larger  ones  Iium'  the  iivfragc  iippfiirance  of  n 
rather  line  or  medium  grain  diorile.  Tlu'  granular  appfiiranee,  liowever, 
19  probably  deccinive,  due  to  the  way  the  ro.-k  <li>iiili'grjiles,  for  thin  sec- 
tions made  from  miiiiy  typical  ii)irii>i\c  rejnTsi'iiljiiive*  are  nearly  all 
plainly  porphyritic  in  texture. 
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In  addition  to  these  intrusive  masses,  wliieh  are  of  small  size  or  at  least 
of  not  very  great  areal  dimensions,  tliere  are  in  a  few  districts  large  boss- 
like occurrences  of  massive  coarse-grained  igneous  rock.  The  hoimdaries 
of  none  of  these  have  been  traced  out,  but  it  is  certain  from  the  distribu- 
tion now  known  that  in  each  case  the  area  occupied  is  several  square 
miles  in  extent.  The  most  prominent  one  of  this  type  of  intrusive  mass 
is  that  seen  in  the  southeast  portion  of  the  island,  including  the  district 
about  Huamacao  and  Yabucoa  and  Las  Piedras  and  Juncos.  Whether  or 
not  this  is  all  one  mass  belonging  to  a  single  intrusion  has  not  been  deter- 
mined. The  variety  of  composition  seen  in  the  different  samples  taken 
at  different  points  is  consistent  with  the  presence  of  more  than  one  intru- 
sive unit;  but  it  is  also  possible  and  quite  as  likely  that  the  variety  ob- 
served is  wholly  due  to  magmatic  difTerentiati^n.  The  southerly  portion 
of  this  mass,  especially  that  near  Yabucoa,  is  represented  by  a  verv  coarse, 
very  quartzose  and  almost  pegniatitic  granite.  Farther  to  the  north,  in 
the  vicinity  of  Las  Piedras  and  Juncos,  the  rock  has  the  appearance  of  a 
syenite.  Although  a  part  of  the  rock  does  show  the  com|)t)sition  of  a  true 
syenite,  by  far  the  greater  number  of  specimens  collected  on  this  expedi- 
tion show  the  presence  of  quartz  in  sufficient  amount  to  make  the  rock  a 
granite.  It  would  appear,  therefore,  that  this  occurrence  in  the  south- 
east portion  of  the  island  is  essentially  a  granite  mass  and  that  it  is  of 
unusually  large  size,  reaching  practically  from  the  coast  at  Maunabo  to 
Cagiias.  The  distance  across  this  mass  is.  therefore,  not  h'ss  than  about 
12  miles  north  and  south.  In  all  ])ro])al)ility  it  is  not  of  quite  so  great  an 
extent  east  and  west,  but  these  boundarirs  are  unknown. 

One  other  large  intrusive  mass  was  ol)served  in  the  west  central  part  of 
the  island,  in  the  vicinity  of  Jayuya  and  Utuado.  In  general  appearance 
and  texture  this  rock,  in  the  average  outcrop,  does  not  dilTer  much  from 
that  seen  at  the  east  end  of  the  island  which  is  commonlv  referred  to  as 
syenite.  Li  this  occurrence,  however,  such  specimens  a,s  have  been  exam- 
ined with  the  aid  <if  the  niieroscope,  show  the  presence  of  quartz  in  most 
cases  in  sullicient  amount  to  make  the  rock  of  granite  composition.  In 
this  case,  as  in  that  referred  above,  there  are  eonsi<leral)le  dilferences  of 
composition  shown  by  the  n>eks  which  seem  to  he  a  part  of  the  same  mass. 
Specimens  found,  for  example,  near  Adjuntas  have  the  compositional 
characteristics  of  diorite.  whrrcas  a  specimen  taken  near  the  margin  of 
the  boss  on  its  northerly  side,  n^ar  K-^o  on  the  road  toward  Arecibo,  is 
a  syenite.  At  certain  other  points  near  Utuado,  the  rock  is  a  gi*anite 
porphyry. 

The  best  idea  of  the  variety  of  composition  and  textural  quality  repre- 
sented bv  all  kinds  of  intrusives  in  the  island  can  be  gathered  from  an 
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examination  of  the  water-washeil  pebbles  in  the  stream  beds  that  have 
come  down  the  steeper  moimtain  sides.  An  examination  of  such  material 
shows  an  extremely  large  varietal  range,  and,  although  by  all  means  the 
greater  number  are  some  variety  of  diorite  or  andesite  porphyry,  there 
are  occasional  more  basaltic  and  more  acid  types  represented. 

Summary, — From  this  description  of  the  variety  of  rock  types  repre- 
sented by  the  leading  field  units,  it  may  be  readily  seen  that  a  subdivision 
into  members  of  mapable  constancy  is  no  easy  matter. 

It  is  the  opinion  of  the  writer  that,  for  the  present  work  and  for  in- 
vestigations immediately  to  follow,  local  designations  or  names  will  be 
of  most  direct  usefulness,  and  that  a  correlation  should  be  expected  to  be 
the  final  outcome  of  a  series  of  such  studies.  For  the  present,  therefore, 
it  is  judged  best  to  use  the  terms  Fajardo  shales,  Mayaguez  shales,  Jayuya 
road  shales,  Barranquitas  shales,  etc.,  as  suitable  names  in  these  respective 
districts  for  the  shale  member  of  the  older  series,  without  anv  intention 
of  suggesting  their  equivalence.  In  spite  of  the  physical  similarity  in 
these  cases,  it  is  not  at  all  likelv  that  thev  beloncc  to  the  same  horizon. 

Similar  argument  will  hold  for  most  of  the  other  members, — the  ash 
beds,  the  tuffs,  the  limestones  and  the  conglomerates, — and  it  is  recom- 
mended in  these  cases,  also,  that  locality  designations  be  used  in  the  field 
investigations.  Those  described  in  this  report  are  not  necessarily  all  that 
deserve  special  designation,  but  the  same  rule  may  be  applied  to  addi- 
tional occurrences  without  in  anyway  obscuring  the  ultimate  solutions 
of  the  problem  of  correlation.  On  account,  therefore,  of  the  C(miplexity 
of  the  structure  and  the  limited  amount  of  work  yet  done  in  connecting 
the  separated  occurrences  into  continuous  field  units,  it  is  advisable  to 
retain  such  terms  as  Coqui  limestone,  Coamo  limestone,  Corozal  lime- 
stone. La  Muda  limestone,  Trujillo  Alto  limestone,  Cayey  tuffs,  etc.,  for 
the  earlier  descriptions  and  special  studies. 

i»ktuo(;hapijic  juxge 

There  is  an  exceedingly  great  variety  of  certain  classes  of  rocks  in  the 
Island  of  Porto  Rico.  Those  most  prominently  developed  and  showing 
the  greatest  variation  in  minor  character,  structure  and  relationship  are 
the  volcanics,  especially  the  volcanic  fragmentals.  All  sorts  of  tuffs,  cin- 
der beds,  ashes,  mud  flows  and  bombs  are  represented  in  great  quantity, 
in  very  wide  distribution  and  in  all  stages  of  alteration  and  induration. 

Observations  made  on  thousands  of  occurrences  of  this  character  of 
materials  leads  to  the  conclusion  that  most  of  it  is  essentiallv  of  andesitic 
composition.  Although  there  is  an  occasional  fragment  of  either  more 
basic  or  more  acid  composition,  the  predominant  types  are  always  of 
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andesitic  makeup.  The  present  oomlition  of  these  meks,  representing  as 
they  do  nearly  all  stages  lietweeii  frfnh  material  and  citlier  a  thoroughly 
weathered  or  coiisideral)ly  metanii)r]ilio!-ed  fimdition,  is  a  more  intereat- 
ing  study  than  their  primary  eom]i(itfition.  Soine  uf  the  most  dense  and 
resistant  rocks  in  the  whole  island  aiv  thest:  older  metamorphosed  tuffs 
and  ashes. 

Nest  in  point  of  nliuiidonec  is  the  gn>ii|i  of  erystalline  igneous  rocks. 
In  this  case  there  is  somewhat  greater  |iromiiientv  of  varieties  represent- 


FiQ.  T. — Phiitumh-rograiih  of  a  (j/jilcul  thoroaghlv  tniluraled  andeilllc  aah,  magnlflvatlon 


ing  the  afid  and  bajiic  ends  (jf  ihe  i-iassiticiitiou  scheme,  but  here  also  the 
rocks  of  the  andesite-diorito  family  arc  l)y  all  uu-ans  the  most  numei-oua 
and  most  widely  distri!]Ule<i.  The  greater  mimlicr  of  occurrences  are 
rcprcsentoil  by  memifcrs  of  this  family  tieluugiug  to  intrusives  that  would 
be  classed  normaliy  as  andesite  porphyries,  jiorpliyrites  of  various  kinda 
and  .liorile  porphyries.     The  minor  viiriatious  represented  by  these  rocks 
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would  prolmlily  include  nil  of  t!ic  haliil!:  kiimvii  to  this  ffimily.  In  addi- 
tion to  tlie  porphyries  of  this  family  coiinxisition,  there  nre  less  common 
occurrences  of  felsite,  quartz  porphyry,  prauite  porjihyry  and  basalt 
porphyry.  In  surface  flows  tliere  is,  besides  the  andesites,  an  occasional 
amygdaloidal  basalt,  but  so  far  as  observod  there  was  no  rhyolite  or  other 
very  acid  surface  type.  Among  the  massive  larger  iutrusives,  the  com- 
monest and  most  abundant  type  is  a  granite  porphviT  or  granite  varving 
in  some  parts  to  (ho  composition  nf  syenite     .\  massive  rock  of  the  na- 


Fio.  S Photumlcroaroiili  of  a  li/pleal  icealhereil  slinle  fo"*  Pajardo  Plava,  majm^Ilciitliin 

Tbe  dark  Held  la  mode  up  ol  ao  extremely  flue  aggregate  ol  earth;  materials.  Tbe 
white  circular  and  Irregular  spola  are  eotlrely  empty  and  coQBtllute  tbe  poroilty  o[  the 
rock.  Tbe  circular  [orais  of  tbcse  vulda  sitgKfNt  'lial  tliey  represeot  forioer  calcareous 
eoQteot  Id  llie  loroi  of  fo  ram  I  a  If  era,  dov  coniiitetcly  ivmui-cd  by  iTeatherlng. 

ture  of  a  diorite  is  also  represented,  as  is  a  very  coarse  rock  of  the  naturi: 
of  a  giant  granite.  How  tliese  are  R'laleil,  Imw  many  intermediate 
varieties  there  may  ite  and  whether  this  variation  represents  magmatie 
differentiation  witliin  a  single  mass  or  instead  different  units  of  intru- 
sion, has  not  yet  l>een  determined  in  enough  detail  to  make  a  positive 
etatement.     Kut  in  at  least  two  cases  M-here  these  lai^e  masses  were  seen. 
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the  hasty  examination  given  to  them  leads  to  the  belief  that  differentia- 
tion effects  can  be  traced, 

Tlie  closest  relatives  of  the  ijmeoxis  rocks  are  the  sediments,  and  be- 
cause of  the  fact  that  the  material  constituting  these  sediments  has  been 
furnished  by  tlie  volcanic  fragmental  supply  in  large  part,  their  character 
and  makeup  is  in  many  cases  not  strikingly  different  from  the  ashes  and 
liner  tuffs.  They  do,  however,  represent  an  additional  assorting,  an  ad- 
ditional weathering  and  tin  ndditJonal  opportunity  for  intermixture  of 


Pio.  9. — PhatomlcroBi-apli  of  n  foramfnffexil  thole  from  the  Bai/amoa-CotaeHo  road, 
iitaenlfltatioa  !S  illamcleri 

Tbe  dark  ateim  arc  <-li(i-fly  pnrtliy  ncgr^KatPs  ot  wry  Unt^  li-ilurp:  the  nhltlsh  areas 
&re  catcareons  h|h>[s  wlik-li  Id  tusu.v  vaw»  91III  iirp^prve  tbc  turmx  of  roruniliilfcrB.  It  la 
Ihe  renjoval   vt   micli    Diulprlnla    (roiii    ihi-   sUnli-B   mat    Is   bolloved   it.  account   for   their 


materials  from  liilTcrcni  somix's  and  of  urgnnio  matcrinl  developing  at  the 
same  time.  Thcsi'  londiiLons  givt  a  great  range  of  composition  and 
mineral  makeup  to  ilic  shales  and  nandjUones  and  they  merge  by  imper- 
ceptible gradations  from  ^LUlpU■  lufnccous  or  arkosic  sediments  to  cal- 
careous rocks  "r  vyiti  to  fairly  pxire  limestones.  The  common  source  of 
the  calcareous  cK'ment  in  these  ro*-ks  is  from  an  intermixture  of  fora- 
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miniferal  mattera  representing  oi^anic  growths  accompanying  tlie  accu- 
mulation of  the  deposit. 

The  limestone  members  on  the  one  side  representing  almost  pure  or- 
ganic accumulations,  and  the  conglomerates  on  the  other  representing  the 
simpler  destructive  volcanic  fragmental  matters,  give  the  range  between 
which  an  exceedingly  great  variety  of  sediments  are  represented. 

The  shales  of  the  younger  series,  represented  by  the  Lares  and  the 
Juana  T>iflz  <ihales,  are  more  strictly  detrital  and  of  true  ero^^ional  and 


Tia.  10. — PliotomUrograph  of  the  Sou  Juan  loruiallon  Induialeil  dune  (and,  magntltrallon 
JS  diamctrrt 
The  cUarcat  grains  are  siin]iL.'  iiitiiiTiil  friiBmeiita;  llic  dark  uuo  and  tlie  grajUh  imcs 
witb  iDlemaL  structure  are  fragiDents  ot  talcareoua  organic  xiowtlis.  Tlie  grayish  maiiix 
Is  ■  secondurf  blading  mali'iial  o(  calcltic  cumiioslIluD,  In  tbia  cane  practically  flIllUG 
tbe  iDtfrtitlllaT  EimcvH. 

destructive  origin,  and  in  places  they  contain  lignitic  material  which 
suggests  different  physical  conditions.  This  shows,  however,  in  their 
upper  layers  an  increasing  amount  of  organic  content  also,  and  finally 
are  succeeded  by  limestones  of  wholly  organic  makeup.  The  failure  of 
volcanic  activity  during  and  subsequent  to  that  time  gave  no  opportunity 
for  the  amount  of  intermixture  that  is  seen  in  the  shales  of  the  older 
series,  so  that  ns  a  result  the  younger  series  of  rocks  is  petrographically 
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more  simple  and  less  modified.  The  organic  content  is  of  greater  variety, 
however,  and  because  of  the  reef-building  tendency  the  primary  structure 
is  more  varied  than  is  seen  in  the  limestones  and  shales  of  the  pre-Ter- 
tiary  representatives. 

The  most  striking  petrographic  type  is,  probably,  the  solidified  dune 
sand  making  up  the  San  Juan  formation.  Its  uniformity  of  grain, 
strong  cross-bedded  character,  porous  habit,  together  with  its  rather  sur- 
prising stability,  make  it  an  object  of  some  considerable  interest.  Sev- 
eral of  these  classes  of  rocks,  therefore,  represent  petrographic  series  of 
unusual  range  and  variety,  and  because  of  their  perfection  of  develop- 
ment would  seem  to  warrant  detailed  study. 

There  are  no  foliated  metamorphic  rocks  so  far  as  yet  seen  in  Porto 
Rico.  One  specimen  of  such  rock,  a  mica  schist,  was  shown  to  tlie  write 
as  having  come  from  the  Portuguese  I'iver  not  far  from  Ponce,  but  a  hur- 
ried reconnoissance  in  the  vicinitv  failed  to  uncover  anvthino:  even  re- 
sembling  it.  The  specimen  probal)ly  does  n«>t  l^olong  to  the  rocks  of 
Porto  Rico.  Xo  evidence  whatever  has  been  seen  of  conditions  that 
would  be  expected  where  such  rocks  occur. 

The  most  ])rofoundly  modified  rock  observed  is  a  massive  serpentine. 
Such  material  was  seen  at  two  places  by  this  parly,  one  near  Yauco  and 
another  on  tlio  road  to  Comerio,  and  the  same  type  is  reported  by  Pro- 
fessor Crampton  on  a  much  larger  scale  near  ^faricao.  But  they  are  all 
simple  petrographic  cases  after  all,  being  ordinary  intrusive  units  of 
heavier  ferro-inagnesian  content  than  tlio  average  whiih  have  been  heav- 
ily altered,  especially  by  hydration  ])nH^csses,  to  tlie  ])resent  condition. 
Genetically  and  historically,  the  ser])entines  are  not  materially  different 
from  the  other  intrusive  bodies. 

Depth  of  Decai/ 

Alteration  has  affected  the  rocks  at  most  points  to  considerable  depth, 
but  in  spite  of  this  there  are  plenty  of  outcrops,  and  along  the  roads  there 
are  many  cuts  exposing  fresh  r<K-k.  1'he  stream  beds  are  strewn  with 
fresh  i)el)bles  and  boulders.  Although  decay  obscures  the  character  of 
the  rock  in  most  of  the  outcrops,  the  structure  is  usually  fairly  well  pre- 
served, and  in  most  cases  enough  can  be  seen  to  enable  one  to  determine 
the   format ional  habit. 

The  most  striking  thing  about  many  of  these  badly  decayed  outcrops 
and  cuts  is  the  remarkable  wav  thev  stand  against  destruction  or  removal 
bv  ordinarv  weathering  and  erosion  agents.  At  manv  imints,  road  cuts 
are  made,  witli  side  walls  absolutely  vertical,  througli  wholly  decayed 
rock  material,  that  stand  for  years  without  crumbling  down.     Embank- 
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ments  made  of  earth  along  roads  and  trails  behave  in  the  same  way  and 
one  is  continually  surprised  at  the  steepness  of  such  slopes  and  their  ap- 
parent stability.  Slopes  of  40°  are  not  rare  on  hillsides  that  are  culti- 
vated, and  one  occasionally  crosses  divides  that  are  mere  knife  edges  with 
slopes  of  this  Kind  on  both  sides.  Such  stability  of  the  soil  is  a  great 
factor  in  preserving  the  agricultural  productivity  of  Porto  Kico  and  in 
the  distribution  of  its  agricultural  industries  over  so  much  of  the  in- 
terior area. 

There  seem  to  be  three  factors  of  large  consequence  in  this  stability  of 
the  soil  mantle.  One  is  the  clinging  cliaracter  of  some  of  the  vegetation 
which  tends  to  bind  the  soil  together ;  another  is  the  small  range  of  tem- 
perature variation  which  reduces  disintegration  or  disruption  tendencies 
to  a  minimum;  and  still  another  is  the  low  content  of  inert  or  refractor}' 
materials,  such  as  quartz,  in  the  rocks  whose  destruction  has  furnished 
the  soils;  all  of  which  factors  favor  the  making  of  especially  tenacious 
soil.  Most  of  the  soils  are  for  the  same  reason  oxceedindv  difficult  to 
cultivate.  As  a  direct  consequence  of  tliis  soil  behavior  and  climatic 
control,  there  is  comparatively  little  dust  formed  in  Porto  Rico.  This  is 
especially  noticeable  on  the  roads,  where  one  is  almost  never  in  the  least 
troubled  bv  it. 

In  two  districts,  one  on  the  north  fringe  of  El  Yunque  along  the 
Sabana  River  and  the  other  on  the  north  side  of  the  divide  near  Ad  juntas, 
deposits  were  seen  which  suggest  glacial  action.  Very  large  boulders  are 
stranded  in  positions  whore  it  is  difficult  to  account  for  them  by  ordinary 
erosion  means,  but  too  little  study  wa*s  given  and  too  little  evidence  is  at 
hand  to  warrant  a  more  definite  statement. 

STRUCTURAL   FEATURES 

Most  of  the  structural  features  represented  in  the  geolog}'  are  men- 
tioned in  connection  with  descriptions  in  other  sections  of  this  report. 
This  is  especially  true  of  such  structures  as  may  be  regarded  as  essen- 
tially primars*.  including  the  interhedded  and  intrusive  forms  of  various 
kinds.  There  is  no  doubt  but  that  the  most  prominent  structural  com- 
bination in  Porto  Rican  geology'  is  represented  by  the  succession  of  inter- 
bedded  sedimentan-  beds  and  tuffs,  cut  hv  or  interleaved  with  intrusives 
in  the  form  of  sills,  dikes  or  irregular  stringers.  The  combination  occurs 
in  great  variety  as  to  succession,  relative  amounts  or  proportions,  quality 
of  material,  present  condition  and  relations  to  other  members,  but  in 
spite  of  these  variables  the  structural  feature  is  essentially  the  same  and 
has  the  same  meaninsr  evervwhere. 
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Igneous  Struct iires 

The  most  sirikiiig  thinff  hi  ccjiinection  wiili  Uin  Rlnu-turc  h  the  re- 
markable uniformity  of  tlio  sills  and  their  close  rescmhlaiu'e  on  that  ac- 
count, after  weathering',  to  the  frapmentid  heds  ivith  wliich  they  are 
asaociated.  The  small  aiuount  of  metamorjihosing  influence  that  they 
seem  to  have  Jiad,  also  adds  to  the  difficulty.  In  some  cases,  however,  a 
transgressive  intrusion  has  disturbed  the  adjacent  heds  n  great  deal  in  a 
mechanical  way. 

In  the  average  case,  it  is  judged  that  the  intruded  magma  has  neither 
jipnetralcd  the  material!!  nf  the  adjacfnt  heds  to  n  notii-Ciilde  amount,  nor 


The  dike  In  !<liawu  iit  ilit'  Loi^aili>n  of  tlic  sUDdlnp  Hcu 
:o  (be  lelt  beiwwn  llie  iiluliily  litikli'il  layer*.  Boib  llw 
ffllh  [mKinentut  narfHul  in  nii  eiieui  tLal  inakes  tbo  I 


has  it  ab^iirk'il  or  iiic(»r|)( 'rated  a  giviil  ili'iil  uf  .-^uch  nialeriiil.  Bui  in  a 
few  eases  where  structural  relations  were  indisjmtnhle  it  was  equally 
clear  that  the  intrusives,  both  transgressivc  and  concordant,  were  liter- 
ally choked  wiili  foreign  fragmental  matter,  makiug  tlieui  resemble  the 
real  tuffs  so  closely  that  it  is  doubtful  whether  the  ditTerencc  would  have 
Iwen  detected  except  for  the  clearness  of  the  intrusive  relation.  Such 
oceurrciicfs  suggest  tlutt  lliorc  may  well  be  many  other  apparently  frag- 
mental  interbeda  that  are  in  reality  fragmcnt-clngged  inlrn;iives.     On  ac- 
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count  of  the  great  abundance  of  the  fragmental  matter,  it  does  not  seem 
possible  that  these  intrusive  masses  could  penetrate  in. that  condition  to 
some  of  the  positions  where  we  noAV  find  them.  It  is  more  likely  that  a 
rather  fluid  magma  has  penetrated  some  unusually  porous  fragmental 
bed  forming  a  matrix  for  it,  perhaps  also  spreading  it  somewhat,  and 
then  in  breaking  across  to  another  bed,  in  some  cases  it  was  still  mobile 
enough  to  drag  the  mixture  along  into  the  larger  transgressive  structures. 
This  idea  is  soniewliat  supported  by  the  finding  of  a  conglomerate  bed, 
near  K-86  on  the  military  road  west  of  Aibonito,  impregnated  with  an 
i^rneous  matrix  in  essentially  this  same  manner.  In  addition  to  these 
forms,  there  are  numerous  larger  intrusive  masses,  the  largest  of  which 
deserve  a  special  name.  I  see  no  objection  to  calling  them  bosses.  The 
two  largest  occur,  one  between  Caguas  and  the  Caribbean  sea  toward  the 
south  and  southeast,  and  the  other  between  Jayuya  and  Utuado  on  the 
north  side  of  the  divide. 

Volcanic  Vent  Complexes 

A  special  igneous  structure  that  has  not  been  referred  to  except  inci- 
dentally is  that  composite  of  disturbed  structures  which  represents  the 
location  of  old  volcanic  vents.  They  are  essentially  a  complex  of  irreg- 
ular intrusive  units  cuttin<r  and  including  masses  and  aggregates  of 
various  fragmental  and  sedimentary  types  in  a  mixed  relation.  In  the 
clearest  cases,  such  a  complex  suddenly  takes  the  place  of  a  formation  of 
apparent  promise  of  continuity  such  as  a  series  of  sedimentary  beds,  and 
after  an  interval  these  beds  are  again  found  continuing  as  before.  For 
example^  the  Coamo  limestone  formation  is  abruptly  cut  off  and  its  place 
is  taken  for  a  mile  or  more  by  one  of  these  igneous  complexes,  the  lime- 
stone continuing  on  the  other  side  again.  The  Jacaguas  reservoir,  just 
above  Juana  Diaz,  lies  in  one  of  tiiese  old  volcanic-vent  complexes,  occu- 
pying, however,  only  a  portion  of  the  area.  Another  such  case  is  repre- 
sented by  the  complex  cutting  the  great  conglomerate  beds  on  the 
military  road  at  about  K-ST-SS  west  of  Aibonito.  Another  is  believed 
to  be  represented  by  the  very  striking  basin-like  area  crossed  by  the  road 
between  San  German  and  Hormigueros.  This  one  is  now  represented 
by  a  very  smooth  plain  five  or  six  miles  across  surrounded  on  all  sides  by 
more  hilly  country.  The  same  conditions  are  undoubtedly  indicated  by 
the  extremely  complex  structures  seen  on  the  Descalabrado  river  two 
miles  below,  south  of  the  militarv  road.  Some  of  these  mark  the  sites  of 
ancient  craters,  clogfi^ed  or  choked  with  fragmental  and  intruding  ma- 
terials. 
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Folding 

^Iiist  of  the  TEiik  fiirmations  rc]»reseiitinj;  (irifiinal  bedded  tyjws  have 
been  more  or  less  lilted  or  otherwise  do  not  now  liave  tlieir  original  atti- 
tude. Those  I)elonging  m  llu-  younger  series,  lite  Terfiarv  limestones 
and  shales  on  the  north  side  of  the  island,  are  iimiparaiively  little  dis- 
turbed, and  in  some  Ciises  do  mH  have  a  very  different  dip  in  sitite  of  thv 
fact  that  they  have  changed  very  much  in  position  with  respect  to  sea 
leyel.  On  the  south  side  of  the  island,  however,  even  llu-si'  later  beds  are 
in  many  jdaces  tilled  at  ii  higher  angle  than  tlii'v  hud  in  the  Iteginning 


»  the  Jauuya  road  ■nh' 

and  w-uasionally  sliow  higli  angles  and  even  geiiile  folds.  This  eondiiiou 
may  be  ^ei'ii  ..ii  llie  Ja.-agiiHs  liiver.  near  .Iiihiih  IIIh/.  belter  than  at  ni"St 
plaee>,  but  siinihir  conditions  are  indicated  by  the  relations  at  certain 
poinfd  farther  weet.  This  condition  on  the  south  side  of  the  island  indi- 
cates more  extensive  and  more  violent  dynamic  disturbance  on  this  side, 
which  is  further  sujiported  by  the  presence  of  faults  cutting  and  affecting 
the  Tertiary  series  on  its  present  inner  margin. 

The  older  Kcries,  the  pre-Tertiary,  is  still  more  profoundly  affected 
and,  in  almost  all  ili.-ilrii'ls,  shale  and  ash  Ijed,'  may  be  found  standing  at 
high  angles,  in  many  rasi^s  practically  vertical,  and  in  occasional  instances 
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crumpled  aud  overturned  in  a  most  complicated  manner.  Minor  fold 
structures  of  this  kind  are  especially  prominent  in  the  higher  ranges,  for 
example,  along  the  Jayuya  road  along  the  divide  opposite  station  K-24 
of  the  Ponce-Arecibo  road.  At  such  a  place  may  be  found  as  compli- 
cated structural  features  of  this  kind  as  is  usually  present  in  any  folded 
mountain  region.  The  high  angle  at  which  such  beds  stand  at.  many 
other  points  leads  to  the  belief  that  similar  complexities  characterize  a 
great  many  of  the  districts  occupying  the  higher  mountain  portion  of  the 
island  as  well  as  some  of  the  marginal  areas,  but  the  great  amoimt  of 
erosion  and  the  ver}-  limited  exposures  at  most  points  tend  to  obscure 
some  of  these  details.  The  complex  way  in  which  the  igneous  intrusive 
masses  cut  all  of  these  formations  also  tends  to  obscure  and  modify  and 
further  complicate  the  simpler  fold  structures  so  that  it  is  not  always 
possible  to  properly  credit  the  disturbed  attitude.  On  account  also  of  the 
fact  that  the  total  quantity  of  injected  or  intruded  materials,  including 
dikes,  sills  and  bosses,  is  exceedingly  large  and  must  have  caused  exten- 
sive disturbances  by  reason  of  the  displacement  produced  by  the  occupa- 
tion by  these  intrusive  masses,  it  is  likely  that  much  of  the  observed  ab- 
normal attitude  of  the  bedded  rocks  may  be  due  to  this  cause  rather  than 
to  regional  folding  of  a  simpler  sort.  It  is  fair  to  say,  however,  that  a 
sufficient  amount  of  data  is  not  yet  available  to  draw  general  conclusions 
as  to  the  meaning  of  the  fold  structures  in  Porto  Rico.  The  striking 
thing  is  that  all  of  the  older  formations  are  disturbed  and  that  their 
position  and  attitude,  even  along  the  margins  of  the  island,  indicate  that 
the  region  affected  by  these  movements  was  more  extensive  than  the 
present  land  area. 

Faulting 

There  are  many  evidences  of  faulting  on  a  small  scale,  in  some  of  which 
the  displacements  can  be  measured.  But  in  most  cases  the  direct  evi- 
dence lies  chiefly  in  the  existence  of  crush  zones,  slickensided  walls  and 
abrupt  changes  of  rock  type ;  there  is  no  opportunity,  on  account  of  the 
general  rock  complexity,  to  secure  quantitative  data.  Judging  from  the 
difficulty  in  tracing  certain  formations  between  districts  where  they  have 
been  identified,  it  is  probable  that  there  are  occasional  faults  of  large  dis- 
placement. Numerous  crush  zones  were  seen  on  the  Comerio  road  espe- 
cially, but  in  this  case  also  no  system  was  discernible  from  the  few  meas- 
urements available. 

The  most  prominent  fault,  in  its  effect  upon  present  features,  is  the 
one  now  marking  the  inner  margin  of  the  younger  series  of  chalky  lime- 
stones and  shales  constituting  the  coastal  belt  along  the  south  side  of  the 
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island  from  Juana  Diaz  past  P'lTict;  at.  a  short  distaiiiv  tn  the  north,  croea- 
ing  the  Ponco-Ari'ijibo  road  at  K-4,8,  and  thence  westwAm,  crossing  the 
Ponee-Penuela-i  road  at  K-10.  This  is  the  only  lar^re  fault  actually  ob-  • 
served  that  is  necessarily  of  recent  age,  although  a  few  others  are  inferred. 
It  must  be  of  htv  late  Tertiary  ago,  because  the  chalky  Ponce  beds  are 
abruptly  cut  off  by  it.  The  older  rocks  of  the  iiri'-Tertiiin,-  are  lifted  with 
respect  (o  tJie  ytningcr  series  forming  tlie  jircweut  coastal  margin  wherever 
this  fault  has  Iwen  seen.  It  has  been  tniced  by  us  from  Juaua  Diaz  t-o 
the  vicinity  of  IVuelas.  a  distuncc  'if  about  13  miles.    What  Womes  of 


FlO.  IS. — Orumpted  thale)  ai  »een  alonu  the  Jayujia  roail  naar  tfit  iummil  of  lh«  rani;* 

it  at  either  cud  is  not  yet  determined,  but  it  is  believed  to  extend  much 
farther  in  both  directions. 

The  physiographic  habit  of  the  island  as  a  whole  tends  to  support  the 
view  that  the  fundamental  structural  form  is  that  of  a  large  fault  block, 
with  the  principal  fault  disphiccment  and  njdift  along  or  near  the  south- 
erly margin,  tilting  the  whnle  mass  gently  northward.  If  this  distarb- 
anee  took  place,  as  seems  to  be  iiidicated  by  the  fault  described,  in  veiy 
Inte  Tertiary  tinii-.  accompanying  the  emergence  from  the  sea,  it  would 
arcount  for  the  nbnomialitii's  of  Tertiary  rock  distribution  as  well  as  the 
u  11  symmetrical  position  ol'  the  main  drainage  diviile.  In  any  case,  how- 
ever, the  fanlt  bl<ick  structure  is  a  very  late  development  and  is  superim- 
posed on  the  oIIkt  more  ciunplex  and  older  structures  of  the  mass. 
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The  island  is  comparatively  abruptly  terminated  at  both  the  east  and 
west  ends.  The  yoimger  limestone  margin,  which  is  fairly  continuous 
along  the  north  coast  and  extends  along  about  half  of  the  south  coast,  is 
wholly  wanting  at  the  east  end  and  is  also  absent  at  the  west  end  except 
at  the  corners.  At  Fajardo,  at  the  east  end  and  at  Rincon,  at  the  west 
end,  for  example,  the  older  complex  bedded  rocks  continue  to  the  shore 
line.  In  the  uplifting  of  the  present  island  mass,  it  would  therefore  ap- 
pear that  ))reaks  occurred  at  both  ends.  The  included  mass  is  therefore 
probably  bounded  roughly  on  three  sides  l)y  faults,  the  east,  west  and 
south,  and  is  as  a  block  tilted  gently  to  the  north. 

That  there  is,  besides,  considerable  differential  movement  accompany- 
ing the  uplift  and  disturbance,  is  indicated  by  the  warping  of  the  erosion 
plain  lying  beneath  the  younger  series,  the  Eocene  peneplain,  which 
stands  essentially  at  sea  level  in  the  vicinity  of  Loiza  and  more  than  a 
thousand  feet  above  it  at  Lares.  This  difference  is  accompanied  by  a 
mucli  wider  belt  of  these  later  limestones  also  in  the  region  about  Lares 
than  elsewhere.  Such  warping  need  not  of  course  be  confined  to  the  last 
movement;  it  may  have  accompanied  the  depression  in  early  Tertiary 
time,  permitting,  as  is  indicated  by  deposits,  very  marked  differences  in 
the  development  and  encroachment  of  the  organic  accumulations. 

Large  Structural  Groups 

Where  rock  formations  or  field  units  are  so  numerous  and  so  closely 
related  and  so  complex  in  primary  structure  if  taken  in  detail,  it  is  ad- 
visable to  combine  them  into  fewer  more  generalized  groups.  A  first  step 
of  a  very  general  sort,  but  in  all  respects  sound,  has  been  taken  in  recog- 
nizing and  using  the  terms  ^^ounger  Series''  and  "Older  Series"  in  this 
paper.  An  additional  step  has  been  suggested  in  recognizing  certain 
smaller  associations  under  the  terms  San  Juan  Formation,  Arecibo  For- 
mation, Coamo  Limestone  Formation,  Juana  Diaz  shales  and  marls, 
Fajardo  shales.  Sierra  de  Cayey  tuffs.  Ponce  chalky  limestone,  etc.,  but 
these  are  for  the  most  part  local  designations,  some  of  which  may  well  be 
expected  to  become  unnecessary  after  complete  correlation  is  established. 
A  good  structural  basis  for  sound  subdivision  of  this  sort  is  not  yet 
worked  out. 

Unconformities 

There  is  only  one  marked  unconformity  in  the  structure  of  the  island. 
This  is  between  the  younger  and  the  older  series.  It  measures  the  break 
in  the  sedimentary  succession  represented  by  the  erosion  interval  during 
which  this  mountain  mass,  now  represented  by  Porto  Rico,  was  reduced 
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to  a  comparatively  ^monotonous  surface  for  the  most  part  at  least  near  to 
the  sea  level.  The  time  interval  need  not  have  been  of  very  great  geo- 
logic value,  but  it  represents  the  time  between  the  last  violent  outbursts 
of  volcanic  eru])tivc  activity,  occurring  near  the  close  of  the  Cretaceous, 
and  the  beginning  of  simj)]e  sedimentation  and  limestone  reef  develop- 
ment and  other  organic  accumulations  in  the  early  Tertiary.  This  un- 
conformity is  very  ])ron(>unced  along  the  northern  margin  of  the  island 
wherever  the  two  ])rincipal  series  of  formations  are  well  developed.  This 
is  not  easily  seen  on  the  south  side,  but  the  relative  complexities  of  atti- 
tude of  the  two  series,  tf)gether  witli  their  position,  emphasizes  the  same 
fundamental  relation.  This  break  in  sedimentation  is  not  anywhere 
marked  by  a  development  of  a  l)asal  conglomerate.  In  some  places  the 
new  series  is  inaugurated  by  the  dinelopment  of  shales,  part  of  which  are 
lignitic,  indicating  land  conditions,  l)ut  in  other  places  such  beds  are 
entirely  wanting  and  tlu;  u])turne(l  eroded  members  of  the  older  series 
are  followed  abruj)tly  l)y  limestones  of  tlie  reef  type.  The  first  type  of 
succession  is  illustrated  in  the  vieinitv  of  San  Sebastian  and  Lares  and 
the  latter  type  of  ai»rupt  limestojie  sueeession  by  the  conditions  seen  on 
the  Arecibo  Eiver.  It  is  entirelv  likelv  that  the  time  value  of  this  break 
is  not  everywhere  the  same.  Probablv  tlie  districts  in  which  shale  beds 
are  developed  saw  tlie  In^ginning  of  sedimentary  deposition  at  an  earlier 
period  than  those  in  which  the  sliales  are  entirely  lacking.  It  will  be  pos- 
sible to  work  out  these  historical  and  strui^tural  differences  with  further 
study  of  the  content  and  distribution. 

A  very  extensive  development  of  conglomerates  in  the  region  immedi- 
ately west  of  Aibonito  and  smaller  occurrences  at  several  other  points, 
especiallv  on  the  Comerio  road  south  of  Bavamon  and  also  near  the 

1.  »>  %! 

military  road  in  the  vicinity  of  La  Muda,  have  a  suggestion  of  the  possi- 
bility of  a  rather  important  structural  break,  but  there  is  thus  far  no 
conclusive  evidence  of  the  presence  of  any  real  imconformity. 

Veins 

Quartz  veins  are  not  prominently  developed.  There  are  occasional 
quartz  stringers  and  in  a  few  places  they  are  abundant  enough  to  make 
a  sort  of  net  work,  but  in  no  instance  was  a  large  persistent  fissure  vein 
seen.  In  some  cases  the  stringers  of  quartz  carry  values  in  gold,  and  in 
all  probability  they  are  the  source  of  the  placer  gold  known  to  exist  in 
certain  districts.  So  far  as  observations  have  been  made,  there  is  no  par- 
ticular system  represented  in  the  vein  occurrences.  Questions  connected 
with  this  subject  together  with  mineralization  and  possible  value  as 
mineral  resources  should  l)e  made  a  special  study. 
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Minor  Strudures 

Althougli  there  is  extensive  development  of  sedimentary  formations 
which  have  been  subjected  to  much  disturbance,  there  is  comparatively 
little  structure  of  a  minor  sort  that  seems  to  deserve  such  discussion  in 
this  description.  Two,  however,  that  seem  to  have  special  significance 
connectinl  with  the  origin  of  the  particular  beds  which  have  been  found 
are  (a)  a  jwculiar  crumpled,  enterolithic  structure  seen  in  one  of  the  ash 
beds  near  (luayama,  and  {b)  the  wind-assorted  cross-bedding  structure 
of  the  old  dune  sands  of  the  San  Juan  formation  at  Arecibo. 

EnteroUfliic  Structure. — The  enterolithic  structure  noted  in  the  ash 
beds,  on  account  of  the  thinness  of  the  bed, — about  eighteen  inches, — and 
the  simplicity  of  the  associated  structure, — simple  tilted  beds, — leads  one 
to  believe  that  the  structure  is  essentially  primary  rather  than  of  subse- 
quent dynamic  origin.  Its  appearance  is  perfectly  consistent  with  the 
explanation  that  it  is  preserved  from  the  time  of  deposition  and  its  be- 
havior at  that  time  as  a  small  mud  flow.  It  is  a  structure  such  as  might 
be  forme<l  by  slumping  movement  of  a  soft  layer.  It  should  be  expected 
that  there  would  be  frecjuent  behavior  of  this  kind  in  the  accumulation 
of  such  extensive  beds  of  ashv  materials,  which  must  in  some  cases  have 
been  deposited  under  conditions  that  would  make  slumping  movements 
possible,  l)ut  it  is  not  to  be  expected  that  material  of  this  kind  would  in 
most  cases  be  capal>le  of  preserving  any  of  tliese  primary  movements.  In 
the  case  noted,  the  quality  of  the  interior  makeup  of  the  bed  seems  to 
have  been  more  favorable  to  such  preservation.  It  is  the  only  case  where 
such  an  o])servation  was  made. 

Double  Cross-bedding. — Tlie  cross-bedding  structure  belonging  to  the 
San  Juan  formation  is  a  prominent  feature  wherever  these  ancient  dune 
sands  are  preserved.  A  great  prevalence  of  steeply  inclined  minor  struc- 
tures is  crossed  l)V  fewer  nearlv  horizontal  ones.  Measurements  made  on 
sea-cliffs  a  sliort  distance  west  of  Arecibo,  where  this  rock  is  very  promi- 
nently developed,  gave  dips  of  30  to  33  degrees  repeatedly.  A  series  of 
these  is  abruptly  terminated  by  a  more  nearly  horizontal  bedding  for  a 
comparatively  short  distance  and  the  whole  structure  is  repeated.  The 
layers  with  this  kind  of  structure  are  prevailingly  one-half  to  two  feet 
thick  and  no  ri})ple  marks  were  seen  on  any  of  the  beds  examined.  The 
cross-bedding  structure  in  this  case  dips  always  to  the  west  or  southwest, 
and  the  average  strike  of  the  principal  beds  is  about  north  30  degrees  west. 
This  is  consistent  with  a  wind  direction  not  very  different  from  the  pres- 
ent prevailing  winds.  Very  strong  structural  development  of  this  kind  is 
also  to  be  seen  in  the  citv  of  San  Juan  at  the  pnmiontorv  on  which  the 
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Momi  is  built,  but  measurements  of  orientation  were  not  taken  there. 
Aji  occurrence  of  this  rock  immediately  to  the  cast  of  Arecibo,  a  short 
distance  south  of  the  li{,'hthou8e,  showed  structures  of  this  kind  on  a 
much  larger  scale  than  was  seen  elsewhere,  and  with  au  especially  inter- 
esting combination  structure.  The  principal  or  stronger  divisions  are 
widely  separated  and  lie  nearly  horizontal.  A  comparatively  small  bed 
lying  in  this  position  was  almost  unconsolidated,  but  those  strongly  cross- 
bedded  immediately  above  as  well  as  those  below  were  compact  enough  to 
stand  in  a  vertical  cliff  30  to  '10  feet  high.     The  ciiief  interest  attaches 
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poorly  coaaoUdated. 

to  the  strongly  cross-bedded  portion  forming  the  upper  twenty  feet  or 
more  of  the  exposed  cliff.  The  cross-bedding  structure  itself  extends 
without  interruption  through  a  much  greater  vertical  range  than  in  any 
other  outcrop  examined,  but  its  attitude  and  dip  were  not  markedly  dif- 
ferent; the  feature  that  was  strikingly  different  from  the  structure  seen 
anywhere  else  was  introduced  by  the  presence  of  less  pronounced  but  still 
very  plainly  marked  horizontal  structures,  making  an  interpenetrating 
mesh-like  arrangement  in  the  face  of  tlie  cliff.  This  can  be  seen  strongly 
enough  to  show  in  a  photograph  even  at  a  distance  of  100  feet.    It  is  evi- 
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dent  that  some  peculiar  condition  has  been  in  control  in  the  development 
of  this  compound  structure.  There  is  no  reason  to  assume  any  difference 
of  source  or  origin  for  the  steeply  inclined  structures,  or  cross-bedding 
structure,  from  that  assumed  for  all  of  the  other  occurrences  of  the  San 
Juan  formation.  It  is  apparently  a  perfectly  normal  product  of  the  as- 
sorting action  and  deposition  of  material  under  the  work  of  the  wind. 
But  under  normal  conditions  it  would  not  happen  that  a  second  structure 
in  a  horizontal  position  should  be  repeatedly  developed  crossing  the  well 
marked  cross-beds  so  that  the  whole  complex  combination  should  be  de- 
veloped on  such  a  scale  as  is  seen  in  this  case.  From  the  nature  of  the  de- 
posit and  the  conditions  in  which  it  may  well  be  assumed  to  have  been 
formed — that  is,  at  or  near  sea  level  in  the  vicinity  of  or  bordering  upon 
standing  bodies  of  water — one  would  l)e  inclined  to  favor  the  explanation 
that  the  accumulating  cross-bedded  sands  fell  into  or  rolled  into  a  body 
of  water  which  had  a  tendency  to  attack  the  newly  deposited  material  and 
to  bind  the  grains  together.  The  difficulty  with  such  an  explanation  is 
in  the  fact  that  the  horizontal  structure  is  repeated  at  small  intervals 
practically  throughout  the  deposit,  and  apparently  without  disturbing 
the  primary  depositional  structure  at  all.  It  would  seem  quite  unlikely 
th'at  loose  matters  of  this  kind,  falling  into  or  roUing  into  a  body  of  water 
of  an  open  surface  sort,  should  maintain  or  preserve  the  primary  struc- 
ture so  well.  Perhaps  it  is  more  logical,  in  view  of  all  the  features,  to 
connect  the  development  of  this  structure  which  seems,  from  its  slight 
influence  or  modification  of  the  cross-bedding,  to  be  wholly  secondary 
with  the  subsidence  of  the  coast  which  is  showii  to  have  been  one  of  the 
late  events  in  the  geological  history.  As  subsidence  progressed,  perhaps 
somewhat  irregularly,  it  would  happen  that  the  ground  water  level  would 
rise  correspondingly  high  in  beds  that  were  passing  below  sea  level.  At 
the  surface  of  this  ground  water  level  the  tendency  would  be  to  accomplish 
a  binding  of  the  granular  materials  together.  Both  above  and  below 
the  groimd  water  level  there  would  probably  not  be  so  strong  a  tendency 
to  develop  this  binding.  With  the  next  step  in  the  progress  of  subsidence, 
another  streak  or  indurated  zone  would  be  established  and  these  have 
been  repeated  throughout  the  whole  formation  during  the  whole  period 
of  subsidence.  An  action  of  this  kind  would  not  tend  to  disturb  the  pri- 
mary structure  at  all;  it  would  on  the  contrary  tend  to  preserve  it  or 
make  it  less  destructible  because  of  the  improved  induration.  But  it 
could,  in  addition,  develop  a  succession  of  secondary  structures  through- 
out the  whole  mass  which,  if  the  binding  is  fairly  substantial,  might  rival 
the  primary  structure  in  ])rominence  when  exposed  to  subsequent  de- 
structive attack.     It  is  possible  that  such  a  succession  of  horizontal  struc- 
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tures  could  be  developefl  own  umkir  a  pprfeetly  continuous  but  very  slow 
subsidence  moveiuoiit  liv  rL^nsou  of  the  uatural  seasonal  ground-water 
fluctuation.     Frfun  tliis  |initit  of  view,  tlio  raiifre  between  two  succeeding 
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horizontal  markings  would  measure  the  fluctuation  range  of  the  groimd 
water,  the  harder  zones  representing  in  that  case  the  more  persistent 
upper  level  for  each  succeeding  depression  position. 

The  cross-bedding  structure  shows  as  plainly  as  it  does  on  exposed  sur- 
faces also  because  of  the  fact  that  certain  streaks  are  more  perfectly  in- 
durated than  the  intervening  ones,  and  the  objection  might  well  be  raised 
that  a  history  of  the  kind  suggested  above  would  not  be  expected  to  de- 
velop such  a  difference  of  induration  in  layers  inclined  at  such  high 
angles  to  the  horizontal.  As  a  matter  of  fact,  however,  these  sands  are 
not  simple  in  their  makeup.  They  are  in  large  part  fragments  of  organic 
material  and  complete  shells  of  small  organisms  of  a  calcareous  nature 
and  the  primary  cross-bedding  structure  represents  an  assorting  action 
on  this  mixture  of  silicate  and  carbonate  mineral  material.  It  so  hap- 
pens, therefore,  that  the  successive  structural  units  are  not  necessarily  of 
the  same  mineral  proportions,  and  in  the  process  of  induration,  or  of 
binding  the  grains  together,  certain  streaks  yield  more  readily  to  this 
influence  and  develop  greater  solidity  and  resistance  to  destruction.  It 
happens,  furthermore,  from  a  variety  of  rather  unusual  primary  condi- 
tions and  secondary  influences  that  both  a  primary  and  secondary  struc- 
ture of  unusual  prominence  and  peculiar  association  are  developed  in  the 
San  Juan  formation. 

SPECIAL  RELIEF   FEATURES 

Plaijas 

The  flat  areas  along  the  coastal  margin  which  are  known  as  playas  are 
all  developed  at  the  mouths  of  rivers  and  are  essentially  alluvial  deposits 
of  floodplain  and  delta  type.  In  most  cases  they  seem  to  occupy  areas 
that  must  formerly  have  been  embayments  in  the  coast.  This  develop- 
ment is  most  striking,  for  example,  at  the  mouth  of  the  Arecibo  and  of 
the  La  Plata  and  Loiza  rivers.  In  some  cases,  however,  there  is  no 
marked  erabayment  and  the  deposit  is  more  strictly  marginal,  such,  for 
example,  as  the  Fajardo  Playa  at  the  east  end  of  the  island  and  others 
on  the  south  coast. 

Promontories 

In  addition  to  the  embayments  and  playas,  there  are,  occasionally,  in 
the  intervening  spaces,  promontories  where  the  rock  formations  extend 
into  the  sea  and  terminate  in  cliff  forms.  These  are  neither  numerous 
nor  are  they  confined  to  any  particular  portion  of  the  island  or  to  any 
rock  formation.     They  are  represented  by  the  most  recent  of  all  of  the 
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formations,  eGsentiall}'  a  silicified  dune  ileposit  sucli  as  that  ut  San  Juan, 
also  by  Tertiar}-  limestone  reefs,  such  as  that  at  Quebradillas  and  at 
Guanica,  or  by  the  still  older  igneous  and  clastic  series,  audi  as  that  at 
Anaeco,  or  by  massive  intnisives  of  n  strictly  igneous  hahit,  such  as  that 
at  Maunabo.  It  would  appear  from  this  that  the  former  outline  of  the 
island  must  have  been  more  in-esular  than  it  is  at  present  and  that  the 
distribution  of  marginal  formations  is  also  not  as  rejiular  as  has  Iwen 
represented  in  earlier  reports. 


View  :(  ihr  I'Liyn  plulii  (forfjiroiiiiMl ,  (tip  iiuirj;lDnl  termt.-  (middle  field)  and  the 
bItps  of  Ilip  ulikr  'pMph  iind  is  iiml>iilil.v  diir'  (o  marEne  cultinf. 

Terraces 

At  many  places  on  botli  sides  of  the  island  there  are  comparatively 
smooth  tracts  having  the  appearance  of  bordering  shelves  which  represent 
true  terraces.  Their  location  along  the  sea  margin  and  the  compara- 
livcly  insignificant  development  of  similar  benches  along  the  streams 
lead  one  to  believe  that  they  have  an  origin  connected  with  the  wave 
action  and  attack  of  the  sea.  This  interpretation  is  supported  by  the 
presence  of  these  terraces  along  the  coastal  margin  where  stream  action 
would  not  seem  to  have  been  able  to  reach.  In  any  case,  the  presence  of 
such  terraces,  which  stand  from  100  to  200  feet  aljove  the  present  sea 
level,  indicate  a  former  more  submerged  condition,  so  that  the  sea  or 
streams,  or  both  combined,  were  able  to  attempt  base-leveling  at  that  ele- 
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vation.  The  preaence  of  great  quantities  of  roughly  assorted  gravels 
clogging  some  of  the  valleys  of  the  southerly  side  of  the  island  tends  to 
support  the  some  general  conclusion.  The  bearing  of  these  features  on 
tlie  geological  hlBtory  of  Porto  Rico  will  be  taken  up  at  another  point. 

Cueslas 

Both  on  the  north  side,  for  nearly  the  whole  lengtli  of  the  island,  and 
on  the  south  side,  over  the  westerly  half,  there  is  a  bordering  Itelt  of 
limestone  and  associated  beds  that  have  been  develoired  on  an  eroded  sur- 


Strongl;  bedded  ash  logulbFr  with  associated  sbalcB  c 
Ot  the  terrace  nmr  GuayaiDH.     These  rocks  belong  to  tliv  oldiT  svrU'S  and  dlL>  Into  or 
toward  the  mauDtalaa  rather  than  tonard  the  seu. 

face  wJiich  beveled  across  the  more  complex  structures  of  the  older  series 
of  formations  that  formerly  made  up  the  mass  of  the  island.  These 
limestone  beds  are  several  hundred  feet  in  thickness  and  dip  gently 
toward  the  sea.  On  the  inner  margin  of  their  present  extent  toward  the 
interior,  especially  along  the  north  side  of  the  island,  thoy  are  abruptly 
terminated  in  a  very  irregular  tine  of  modified  cliff  forms  facing  toward 
the  prevailingly  smoother  and  lower  ground  for  some  distance  toward 
the  interior.  For  the  tiio«:  [lart,  this  limestone  margin  is  exceedingly 
rugged  and  broken.     The  width  of  the  belt  wiOi  this  rugged  <haracter 


60  AXXALS  XBW  YORK  ACADEMY  OF  BCIBKCBS 

varieB  verj'  much  in  different  parts  of  tlie  field,  its  most  striking  devel- 
opment is  in  the  disirict  estendiDg  from  Tao  Alto  to  Aguadilla.     In  the 

district  extending  eastward  from  San  Juan  and  also  in  some  of  the  area^ 
on  the  south  side,  this  margin  is  very  much  broken  and  so  obscure  in 
some  parts  as  to  escape  detection.  In  its  beat  development,  however,  it 
is  a  typical  cucsta,  formed  in  the  usual  manner  by  the  erosion  of  a  for- 
mation representing  a  rui-ently  uplifted  cimstal  scries.  The  series  of 
formations  involved  formerly  extended  inland  very  much  farther  than 
they  do  now.  Only  the  outer  margin  remains  from  the  crosional  de- 
struction of  a  series  of  beds  and  reefs  that  in  former  times  covered  a 


view  looking  north  Irum  the  Hayaniou-Coni.Ti..  Loud  lowHrii  San  .hum.  Khowlng  tha 
nioaoloaons  fpuliiri's  al  ilic  lonlniiil  liell  In  llii>  ror>'er>iund  ami  tbe  com  i»i  in  lively  proml- 
tK-at  hill  remnants  ut  the  Turllury  tormarloD  cuesia  In  the  tuckgrouDd. 

lai^c  portion  of  tlie  island.  The  road  running  from  Aguadilla  to  Moca. 
San  Si'l)ii.s|iaji  mni  Lures  extends  fur  praclicnlly  the  whole  distance,  after 
leaving  the  coast,  along  the  inner  lowland  at  the  foot  of  this  cuesta  or 
along  the  ''lilT  foimiiif.'  the  inface.  The  same  features  characterize  the 
surface  topography  as  far  east  as  Corozal.  This  feature  is  much  lees 
prononnced  on  the  south  side  of  the  island. 

Peneplain 

Beneath  the  limestones  constituting  the  cuesta  and  representing  the 
'J'ertiary  series  there  are,  in  numerous  places,  traces  of  a  former  plain 
that  n'pr<'seiiti-il  the  results  "f  erosion  im  nicks  that  had  a  complex  struc- 
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ture.  Occasional  profiles  of  more  distant  ridges  alao  show  a  sky  line  that 
suggests  the  former  existence  of  such  a  plain,  and  in  favorable  localities 
it  can  be  traced  directly  to  the  foot  of  the  limestone  cuesta.  Occasional 
traces  are  also  seen  on  more  mountainous  tracts,  especially  at  the  west 
end  of  the  island,  near  Hincon  and  in  the  vicinity  of  ilayaguez.  At  the 
latter  place,  these  remnants  of  the  old  plain  are  called  mesas.  It  is  the 
judgment  of  the  writer  that  these  all  helimg  to  a  single  base-leveling  sur-  . 
face  or  marine-cut  platform  formed  in  the  period  just  preceding  the 
development  of  the  Tertiary  limestone  series.  Judging  from  beds  devel- 
oped immediately  upon  this  surface,  it  must  have  been  completed  in  early 


A  chnracUrlatk  vlvu-,  aliowtog  t!ic  BnialJ  sollco 
liUli  founil  Id  Ihe  rvRluu  oC  ibe  Arpvllm  Cormatluii. 
(weeD  Areclbo  and  Itarci'luiieta. 

Eocene  time,  and  perhaps  was  e\en  largely  developed  in  pre-Tertiary 
time.  It  may  he  relern-il  tn  as  llie  i-arly  Tertiary  base  level  or  peneplain. 
There  are  many  minor  features  giving  variety  to  the  surface  relief 
which  depend  for  their  particular  relations  and  character  on  underground 
structures  which  are  as  yet  imperfectly  understood. 

Haystack  Hills 
The  most  striking  tniiiigrapliic  I'cature  of  the  whole  island  is  the  re- 
markable ilovelopnient  nf  small  isolated  or  grouped  rugged  hills  usually 
rising  abruptly  above  adjacent  smooth  flat  soil-covered  areas  at  various 
levels  throughout  a  broad  marginal  belt  along  the  north  coast,  west  of 
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San  Juan.     They  coiistituU;  a  feature  bo  unusual   tlint  i-vfii   flic  un- 
trained oiisiial  visitor  is  imprusseil  witli  tliciii. 

This  feature  has  been  referred  in  l«fon;  in  eonneciion  with  the  de- 
scription of  the  "Younger  soriM"  of  roclis,  osiH^'ially  tlio  Arwibo  reef 
limestone  formation.  In  spile  of  the  unusual  ajipearunce  proseuted  hy 
this  distribution  of  "haystack"'  hills  and  inlervenin::  flat)',  ilieir  origin  is 
jud^od  to  lie  rompara lively  siiujilo.  The  adivo  apeiits  and  processes 
have  been  the  same  ns  ilinsn  nl  u-ink  on  all  oiiior  imns  of  tlie  island,  but 
the  roBnlts  ilitTcr  hfrauric  iif  llic  fnndameutal  difTiTcniT  "f  (naierial  and 


Xcur  vlpn-  of  Ihv  1liii»Moni>  bills  tDriulD):  )Li-  : 
the  Ij'pical  bayHlnok  lillls  illHtrlul.  Thin  vli'W  Hi 
BtoQe  formlns  (lii^r  hUlH.  s  strucCuri'  thnt  [<i  r 
and  prabaLl';  tlic  larKi'Bt  taclor  Id  tlie  dcvi'lutimri 

Structure.  XoHhere  an;  these  features  developed  except  where  the  later 
niif  liinestuiics  are  the  undeidyinff  bed-mck  fiiriTiatiiui. 

Till'  I'sscntial  stojis  in  llio  development  "f  tiifse  forms  arc  the  follow- 
ing: 

Till'  reef  liinc.-^liiiics  arc  n<it  unifurin  in  <ijm])osition  or  structure. 
They  liavc  inori'  or  lc*s  intermixture  of  earthy  mutters  which  are  disirih- 
utcd  irrc^rulnrly,  hut  I'liiefly  at  irrtaiu  Imriiiuiis.  as  nicn'e  eartliy  or  shaly 
bctlrf  of  no  very  sireiit  liiieinl  or  vertical  extent.     Such  conditions  arc  re- 


BERKEY,  GEOLOGICAL  RUCOXXOJSSAXCE  OF  PORTO  RICO       53 

peated  at  occasional  intervals  in  successive  horizons.  As  such  a  series  is 
lifted  above  sea  level  and  subjected  to  ordinary  erosion  and  weathering, 
the  tendency  is,  (a)  for  the  i)urer  and  more  massive  reef  limestones  to  be 
attacked  by  the  solvent  action  of  percolating  water  with  a  development  of 
underground  channels,  porous  rock  condition  and  actual  caverns,  (6)  for 
the  more  earthv  lavers  to  resist  and  limit  such  action  at  the  levels  where 
this  matter  is  present  in  sutficient  abundance,  with  a  development  of 
residuary  material.  As  this  action  progresses  toward  maturity,  many  of 
the  larger  caves  collapse  and  sink  holes  are  thus  formed.  With  still  fur- 
ther development,  the  sink  holes  merge  into  each  other  in  local  areas 
where  solution  has  been  most  active,  the  earthy  debris  forms  a  soil  in  the 
l)ott(un  corresponding  in  level  with  the  first  important  earthy  layer,  and 
adjacent  remnants  of  tlie  limestone  reef  stand  out  as  sharp  rugged  hills 
separated  by  irregular  notches  that  represent  other  smaller  collapsed 
caves.  The  result  of  such  action  and  conditions,  finally,  is  the  numerous 
'Tiaystack''  hills  standing  (»n  llat  soil-covered  areas  or  surrotniding  such 
areas  as  if  they  were  just  set  down  as  bunches  on  this  surface.  This  re- 
lation is  repeated  at  different  levels  throughout  the  belt  from  San  Juan 
to  Aguadilla.  but  the  most  striking  developments  are  local,  apparently 
where  the  structural  relations  are  just  right,  and  may  be  seen  best  be- 
tween Tao  Alto  and  Arecibo,  especially  in  the  vicinity  of  Manati  and 
Vega  Alta. 

Tt  was  at  first  thought  that  foi  mer  subsidence  levels  might  have  some- 
thing to  do  with  establishing  the  level  tracts,  but  the  observation  that 
these  tracts  stand  at  very  diffeient  levels  in  immediately  adjacent  dis- 
tricts together  with  recognition  of  the  stmctiiral  difference,  lead  us  to 
give  credit  to  the  primary  structural  character  of  the  formation  itself  as 
the  controlling  factor  in  the  present  distribution.  According  to  this  ex- 
planation, these  hills  are  mere  remnants  left  from  solution  attack  on  a 
reef  limestone,  the  de]>ressions  between  them  representing  collapsed  cav- 
erns, the  walls  of  which  mav  still  be  seen  on  the  sides  of  some  of  the  more 
nigged  hills,  and  the  surrounding  or  intervening  tracts  are  soil-covered 
and  level,  chief! v  because  of  the  accumulation  of  earthv  material,  left  be- 
hind  after  removal  of  the  overlying  reef,  now  halted  in  its  reduction  at 
the  first  important  less  sohible  beds. 

MIXKHAL  T^ESOrrnOKS  * 

An  examination  of  specimens  of  minerals  and  ores  in  the  hands  of 
local  prospectors  and  residents  interested  in  developing  mineral  resources, 

■ 

"A  Kood  list  or  tabulation  of  tho  nilnernl  occurrencos  of  Porto  Rico  may  be  found  In 
th<*  nitlclc  by  II.  C.  R.  NItzp  listed  at  the  close  of  this  paper. 
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together  with  observations  made  f>ersonally,  shows  that  there  is  consider- 
able range  of  minerals  and  ores.  Jt  appears  also  that  considerable  atten- 
tion has  been  given  in  a  few  cases  to  local  development.  There  is  large 
variety  shown  in  a  collection  of  this  material  and  in  some  cases  the  speci- 
mens exhibited  look  very  promising  indeed.  But  there  is  almost  no 
reliable  information  touching  the  quantity  or  the  exact  relations  or  esti- 
mates of  possible  profitable  development.  It  can  be  said,  without  danger 
of  contradiction,  that  none  of  the  developments  so  far  undertaken  looking 
toward  the  systematic  mining  have  proven  profitable. 

Gold 

Only  one  enterprise  of  this  kind  seems  to  furnish  any  production,  and 
tJiis  is  the  placer  mining  for  gold.  Gold  washing  has  been  practiced 
from  the  early  Spanish  occupancy  to  tlie  j)resent  time,  and  it  is  not  at 
all  a  rare  thing  to  see  several  men  digging  in  the  stream  gravels  for  the 
''pay  dirf  and  panning  out  the  gold.  This  is  done  in  all  cases  on  a  very 
small  scale  and  with  the  aid  of  the  simplest  equipment,  and  the  returns 
appear  to  be  vtM-y  modcraio.  It  is  claimed  that  in  former  times  a  much 
more  elaborate  system  ni'  working  such  deposits  was  in  operation  under 
the  S])anish  regime,  and,  according  to  historical  statements,  they  were 
(•(msidered  proHtable.  More  recently,  there  has  ho.en  at  lejust  one  attempt 
near  Corozal  to  develop  this  kind  of  ground  by  the  use  of  modern  ap- 
pliances, but  the  plant  has  been  allowed  to  go  to  entire  ruin.  The  (mly 
places  where  a(»tual  placer  washing  was  seen  in  jjrogress  was  three  miles 
south  of  Corozal  and  on  the  Sabana  river  near  Tjuquillo.  Xear  CorozaU 
also,  some  work  has  been  done  in  an  attempt  to  discover  the  veins  or  lode 
whicli  may  have  furnished  the  placer  gold.  There  are  several  pits, 
trenches  and  shafts,  iu  some?  of  which  quartzose  stringei*s  were  seen  which 
a])pear  to  fulfill  the  requirements  of  a  source  of  supply.  Some  free  gold 
was  found  in  panning  a  little  of  the  weathered  material  at  one  of  these 
spots.  There  is  little  doubt  but  that  these  veinlets  or  stringers,  which 
were  numerous  at  one  of  the  cut«,  are  in  part  the  sources  of  the  placer 
gold  of  this  locality.  But  ar  no  ])lace  examined  was  there  to  be  seen  any 
"vein"  of  apparent  consequence  or  any  structure  suggesting  the  course 
or  extent  of  the  mineralization.  Of  course  the  rather  mixed  state  repre- 
sented bv  the  residuarv  matter,  seen  almost  evervwhere  at  the  surface, 
does  i\ut  lend  itself  readily  to  the  trating  of  veins,  and  it  may  therefore 
happen  that  conditions  would  prove,  after  thorough  exploration,  to  be 
better  than  the  first  brief  examination  indicated.  There  are  said  to  be 
some  old  abandoned  workings  dating  back  to  Spanish  conquest  times  at 
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the  same  locality,  but  such  evidences  are  very  obscure  and  would  seem  at 
best  to  have  very  little  bearing  on  present  prospects. 

Copper 

Some  very  good  specimens  of  copper  ores  were  seen  in  the  possession  of 
Mr.  Henry  D.  Sayre,  of  Corozal,  who  assured  us  that  there  were  several 
localities  represented  in  the  collection  and  that  in  no  case  had  the  real 
value  of  the  occurrence  ])een  determined.  It  was  understood  that  exami- 
nations have  been  made  by  engineers  sent  to  Porto  Rico  in  the  interest  of 
American  mining  companies,  and  that  some  exploratory  work  has  been 
carried  on  by  Porto  Rican  companies  or  groups  of  individuals,  but  so  far 
as  kno^vn  there  is  at  the  present  time  no  development  work  being  con- 
ducted, and  the  possible  value  of  these  deposits  has  not  been  thoroughly 
proven. 

Zinc,  Lead  and  Silver 

One  prospect,  on  wliich  several  himdred  feet  of  underground  work  has 
been  done,  was  visited  at  Barrio  del  Carme  in  the  Sierra  de  Cayey,  on 
land  owned  by  Pablo  Vasques,  several  miles  northwest  of  Guayama.  The 
coimtry  rock  is  chiefly  andesitic  tuffs  cut  by  porphyritic  intrusives.  A 
quartz  vein  carrying  sulphides,  pyrites,  sphalerite,  galenite  and  chalcopy- 
rite  has  been  followed  and  there  is  some  ore  on  the  dump.  The  vein 
vanes  from  a  mere  streak  to  a  width  of  two  feet.  The  mineralization  is 
irregular  and  the  values  are  said  to  be  chiefly  in  lead  and  silver.  The 
second-class  ore  is  essentially  mineralized  tuff.  The  exploratory  work 
has  been  done  in  large  part  on  side  slips  and  streaks  (juite  outside  of  the 
vein  proper.  In  all  of  this  side  work,  there  was  apparently  no  new  min- 
eral-bearing ground  discovered.  The  first-grade  ore  is  heavy  and  the  dis- 
tribution of  values  is  not  determined.  There  is  no  doubt  of  the  existence 
of  a  real  vein  or  of  the  ore  in  this  case,  but  there  is  need  of  more  intelli- 
gent exploratory  development  along  the  vein  proper,  together  with  a 
study  of  the  possibilities  of  separating  the  chief  values  by  some  sort  of 
milling  operation,  before  a  reliable  conclusion  could  be  reached  as  to  pos- 
sibility of  working  the  deposit  as  a  mine. 

Iron 

One  magnetic  iron  prospect  was  visited.  This  occurrence  is  on  the 
divide  about  ten  kilometers  west  of  Naguabo.  It  is  reached  by  driving 
out  on  the  road  from  Naguabo  toward  Torres  to  about  this  distance  and 
then  taking  saddle  horses  to  the  divide,  a  distance  of  about  two  kilometers 
southward.  On  the  exjXMlition  we  were  accompanied  by  Mr.  Arturo 
Gallardo,  Jr.,  Alcalde  Municipal  of  Naguabo. 
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There  are  many  surface  bowlders  of  ma*;netic  iron  of  fine  quality  in 
this  vicinity.  A  little  underground  workin^:^  is  evident  at  one  point  but 
this  is  now  cuNod  in.  Surface  observations,  toorother  with  a  few  magnetic 
observations,  failed  to  show  any  very  extensive  deposit  at  that  point,  but 
the  quality  appears  to  be  good  in  iron  content.  The  ore  carries  a  little 
copper  and  is  associated  with  an  igneous  rock  essentially  andesitic  in 
composition.  It  could  be  traced  with  a  fair  degree  of  certainty  about 
fifty  feet  east  and  west  just  below  the  crest  of  the  ridge.  Considering  the 
associations  at  this  place,  it  seems  necessary  to  conclude  that  the  ore  is 
igneous  in  origin  and  that  it  probably  accompanies  one  of  the  porphyrite 
intrusives.  Otlier  occurrences  of  similar  ores  w^erc  mentioned  to  us  in 
this  same  region,  but  none  were  visited. 

Coal  and  OU 

There  is  im  g<M)d  groun*!  for  Ix'lieving  lliat  valuable  resources  of  these 
products  exist  in  Porto  Tiwo.  St)ine  prosf)ecting  for  them  is  carried  on, 
h(>wever,  in  a  desultory  way.  Tlie  only  basis  for  the  hope  of  finding  coal 
is  tlie  occur HMico  of  liimitr  and  h^nitic  material  with  Ihe  shales  hiun  at 
the  l)ase  of  the  youn;ror  series  of  rock  formations,  below  the  Arecibo  lime- 
stone membf^r.  Tvigiiitic  material  was  seen  in  these*  shales  near  Lares, 
and  similar  or  better  material  has  l)een  reported  from  near  San  Sebas- 
tian. From  what  has  been  seen,  there  seems  to  be  no  promise  of  ver}' 
valuable  deposits  of  this  kind.  Tlie  structure  is  simple  and  a  very  little 
exploratory  work  done  in  a  systematic  manner  would  determine  the  prob- 
able value  of  every  occurrence  known.  There  is  no  promise  at  all  of  such 
content  in  the  older  series. 

No  oil  indications  were  observed.  The  only  formation  to  be  considered 
in  investigating  the  prospect  of  oil  is  also  the  l)asal  shales  of  the  younger 
series. 

Limerock 

A  particularly  porous,  granular  and  uniform  limerock  is  obtained  from 
the  small  island,  Icacos,  just  off  the  northeast  coast,  and  is  used  in  sugar 
refining  at  the  Central,  owned  by  the  Bird  brothers,  at  Fajardo.  The  rock 
is  organic,  largely  foraminiferal,  and  is  probably  structurally  of  the  same 
(►rigin  as  the  San  Juan  dune  sand  deposits, — comy)aratively  recent.  Such 
materials  are  doubtless  to  be  found  in  large  amount,  but  not  always  so 
pure  and  so  uniform  in  quality  and  structure.  Limestone  suitable  for 
lime  burning  or  for  cement  mixture  is  certaiidy  not  rare.  Limestone  of 
a  <|uality  that  would  permit  its  use  in  structural  work  is  also  found  at 
5ome  places,  but  apparently  very  little  native  stone  is  used. 
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Ouano 

Bat  guano  is  found  in  some  of  the  caves  in  suflficient  amount  to  be  a 
source  of  local  fertilizer. 

Road  Metal 

Several  kinds  of  stone  were  seen  used  extensively  in  road  improve- 
ments. The  particular  variety  used  depends  largely  on  the  local  supply, 
but  the  most  common  are  the  Arecibo  limestone  and  the  massive  syenite 
and  granite  porphyry.  There  is  no  lack  of  these  as  well  as  other  types 
suitable  for  such  use. 

There  are  other  mineral  substances  that  will  invite  investigation,  but 
no  others  came  under  the  writer's  personal  observation  and  no  facts  re- 
garding them  are  in  hand. 

HOT   SPRINGS 

Thermal  springs  are  known  in  the  vicinity  of  Coamo.  Judging  from 
their  location  and  apparent  relation  to  other  physical  features,  they  are 
believed  to  lie  along  a  fault  weakness.  The  district  is  also  one  of  com- 
paratively late  igneous  activity,  and  this,  coupled  with  the  other  factors, 
leads  to  the  suspicion  that  the  springs  are  directly  connected  with  the 
dying  igneous  activity  and  may  actually  represent  juvenile  waters. 

At  Coamo  Springs  Hotel,  one  of  these  springs  has  been  developed  and 
controlled  for  commercial  purposes.  The  water  is  hot  as  it  comes  out  of 
the  side  of  a  snialTravine  and  runs  down  over  the  slope,  which  is  covered 
to  a  moderate  extent  with  deposit  from  these  waters.  The  immediate  bed 
rock  is  not  well  exposed,  but  it  is  judged  to  be  either  a  tuff  or  an  igneous 
complex  and  the  field  relations  in  the  vicinity  show  that  there  is  a  thick 
series  of  beds  both  above  and  below.  No  doubt  critical  field  study  could 
determine  the  actual  relations  with  considerable  certainty. 

An  analysis  of  these  waters,  furnished  by  the  proprietor  of  the  springs 
and  made  at  the  agricultural  experiment  station  at  Mayaguez,  is  as  fol- 
lows: 

Fired  elements  per  litre  of  water 

Free  earboiiie  acid 0.01296 

Sulphate  of  lime 0.79902 

Sulphate  of  soda 0.52531 

Chloride  of  potassium 0.00031 

Chloride  of  sodium 0.23054 

Silicate  of  soda 0.08127 

Carbonate  of  soda 0.03603 

Carbonate  of  iron 0.01114 

Total 1.68559 
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Oases  in  solution  per  litre  of  water  at  0°  of  temperature  and  160  mm.  of 

pressure 

Nitrogen 13  cc.     740 

Oxygen 1  761 

Siilphydric  acid 1  967 

Total 15        2468 

Historical  Statement 

A  complet(i  or  even  a  reasonably  full  account  of  the  geological  history 
of  Porto  Rico  cannot  be  written  at  this  stage  of  the  investigations.  Such 
a  statement  is  necessarily  the  end  product  or  climax  of  the  whole  series 
of  studies  that  are  proposed,  but  it  may  not  be  out  of  place  to  outline 
some  of  the  leading  and  most  clearly  marked  steps  as  a  rough  sketch  or  a 
preliminary  attempt. 

At  the  outset,  it  is  well  to  appreciate  that  the  Island  of  Porto  Rico  is 
geologically  young.  There  are  no  traces,  so  far  as  known,  of  any  of  the 
so-called  ancient  rocks.  It  is  quite  true,  of  course,  that  the  older  series 
of  formations  is  largely  a  volcanic  complex  whose  exact  age  may  never  be 
accurately  determined,  but  there  is  no  occurrence  of  profoundly  meta- 
morphosed members  or  other  evidences  of  great  geologic  age.  Besides, 
the  series,  complex  as  it  is  and  difficult  to  group  iuto  suitable  divisions  as 
it  mav  be,  undoubtecilv  forms  a  \erv  closelv  related  succession  of  minor 
formational  units  whose  uppermost  members  are  determinable  as  to  age 
with  reasonal)le  accuracy.  It  would  appear  also  from  the  nature  of  the 
deposits  and  their  structural  relations  that  the  aeeumulation  nmst  have 
been,  for  the  most  })art.  a  rapid  process. 

There  is  no  good  reason,  so  far  as  any  of  these  facts  are  concerned,  why 
the  whole  of  the  "Older  series"  could  not  have  been  accumulated  in  a 
single  geologic  period.  The  fossil  content  of  the  upper  members  of  this 
series  indicates  that  this  period  was  th(^  Cretaceous,  as  used  in  the  broader 
sense  in  geology.  Whether  or  not  the  older  members  date  back  to  an  im- 
mediately preceding  time  cannot  yet  be  definitely  stated,  but  whatever 
there  is,  is  dearly  so  closely  associated  with  the  Cretaceous  !)efls  that  they 
can  all  l)e  treat(Ml  as  a  single  historical  unit. 

Tliis  earlier  period  is  characterized  by  volcanic  and  other  igneous  activ- 
ity on  a  very  large  scale.  Beds  were  accumulated  both  above  and  below 
sea  level.  Then;  seem  to  have  been  oscillations  of  level  accompanied  by 
recurrences  of  similar  beds,  and  apparently  much  shifting  of  the  supply 
of  material  accompanied  by  great  variation  of  character  laterally.  There 
is  good  evidence  that  succeeding  volcanic  outbursts  broke  through  these 
bods  at  many  places. 
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An  occasional  more  prominent  change  of  conditions,  more  or  less 
clearly  marked  in  the  structural  relations  and  character  of  material,  may 
possibly  be  used  as  a  basis  for  epochal  subdivision.  It  is  quite  clear,  how- 
ever, that  there  was  no  profound  change  of  geologic  control  throughout 
the  whole  of  this  earlier  time, — it  was  strictly  a  volcanic  period.  The 
succession  of  disturbances  by  which  it  was  affected  is  represented  in  part 
by  dynamic  modifications  of  the  nature  of  folding,  crushing  and  faulting, 
but  this  is  probably  an  accompaniment  of  the  more  profound  igneous 
activities  also,  and  need  not  be  regarded  as  evidence  of  any  strikingly 
different  causal  process.  If  there  were  contributory  causes  of  a  regional 
sort  controlling  the  folding,  they  are  essentially  simply  superimposed 
upon  or  introduced  into  the  larger,  more  profound  and  longer  continued 
igneous  activities  which  prevailed  both  before  and  after  that  time. 

This  long  period,  characterized  by  great  complexity  of  formational 
development,  including  tuffs,  agglomerates,  conglomerates,  shales,  lime- 
stones and  immense  numbers  of  intrusives  of  great  variation  in  size,  form 
and  composition,  finally  came  to  an  end  by  the  dying  out  of  the  volcanic 
energy,  and  greater  stability  of  the  whole  with  respect  to  elevation  and 
subsidence  was  established.  Erosion  cut  down  the  exposed  formations, 
the  sea  attacked  the  margins  and  in  time  most  of  the  projecting  moun- 
tain mass  was  reduced  near  to  base  level,  the  sea  encroached  far  onto  the 
former  land  areas  and  a  new  historical  chapter  was  begun. 

It  is  not  possible  to  say,  with  the  data  in  hand,  that  the  entire  island 
was  reduced  to  a  peneplain,  or  perhaps  a  conoplain,  but  there  is  good  evi- 
dence, from  the  traces  still  left  of  former  planation  and  from  the  dispo- 
sition of  the  remnants  of  overlying  formations  still  preserved,  that  the 
greater  pairt  of  the  present  area  was  worn  down  to  base  level  and  sub- 
merged. The  process  of  base  leveling  was  going  on  before  the  close  of 
igneous  activity  and  it  was  continued  long  enough  to  bevel  across  rocks 
of  all  sorts  with  marked  success,  but  there  is  no  necessity  for  regarding 
it  as  a  very  long  geological  time. 

As  erosion  proceeded,  sediments  were  deposited  unconformably  around 
the  margins  of  the  island  of  that  time  and  perhaps  also  in  some  of  the 
marginal  valleys  above  sea  level.  These  constitute  the  earliest  shale  beds 
of  the  'lounger  series*'  and  are  believed  to  be  of  Eocene  age.  They  are 
at  least  early  Tertiary.  AMiere  more  simple  marine  conditions  came  into 
control,  as  would  happen  when  submergence  or  planation  had  masked  or 
destroyed  the  more  elevated  sources  of  supply,  the  deposits  became  almost 
wholly  reef  limestones  and  shell  limestones,  with  only  minor  amounts  of 
strictly  detrital  material  irregularly  distributed.  This  gave  a  succession 
of  somewhat  irregular  beds  which  are  abundantly  supplied  with  organic 
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remains  and  which  bear  evidence  of  the  continue<l  depression  favorable 
for  the  growth  of  these  accumulations  for  a  considerable  part  of  Tertiary 
time.  There  is  some  suggestion  in  the  relations  shown  in  the  eastern 
portion  of  the  island  that  this  end  was  not  wholly  submerged  and  that 
differential  subsidence  gave  to  this  ])ortion  less  prominent  development 
of  the  heavy,  massive  limestone  beds. 

In  later  Tertiary  time  there  was  marked  reemergence  from  the  sea, 
accompanied  by  warping,  so  tliat  the  later  limestones  and  reefs  were  lifted 
to  very  dillVrent  elevations  m  different  ]>arts  of  the  islancl  margin.  Since 
that  event,  the  whole  has  been  again  subjected  to  erosional  attack  of  the 
sea,  and  to  wind  work,  with  the  result  as  now  seen  in  the  ])hysical  feat- 
ures. The  comparatively  easily  destroyed  shales,  marls  and  limestones 
of  the  Tertiary  series  have  been  extensive! v  removed,  leavinir  only  a 
fringe  of  tliese  formations  along  the  north  coast  and  a  ]>art  of  the  dis- 
tance along  the  south  coast,  and  developing  «all  of  the  topographic  forms 
charncterisiic  of  the  erosion  of  emerged  coastal  deposits,  together  Avith 
some  very  special  forms  due  to  the  peculiar  makeup  and  attitude  of  the 
rocks  themselves. 

Since  this  first  emergence  there  have  been  minor  oscillations  also,  the 
record  of  which  is  observable  in  marginal  terraces,  deeply  trenched  flood- 
plain  de])osits.  and  thoroughly  indurated  wind  deposits  of  ])resumal)ly 
Pleistocene  age.  Apparently  the  latest  movement  bas  been  one  of  slight 
emergence. 

A  sunnnarv.  ibereforc.  of  the  lanrcr  items  in  tbe  ire<>]oi:ic  history  in- 
eludes  the  following: 

1)  A  long  j^oolo;ric  iieriod  of  volennic  activity.  acc<)iiij)anio(l  by  niarj^inal  at- 
tempts at  assorting  of  fragmental  and  detrital  material  and  organic  accumu- 
lation disturbed  from  time  to  time  by  reiiewrd  or  extended  igneous  activity. 

2)  A  dying  out  of  volejiulc  energy,  greater  stability  of  the  mass  with  respect 
to  elevation  and  subsidence,  and  erosional  attack  continued  long  enough  to  re- 
sult In  extended  planation  and  partial  base  leveling  with  final  extensive  sub- 
mergence. 

3)  The  development  of  an  unconformabh*  overlying  series  of  shales,  reef 
limestones  and  related  deposits  chiefly  of  organic  origin,  brought  to  an  end  by 
final  re-emergence. 

4)  The  development  of  present  surface  features  under  stream  erosion  and 
marine  marginal  attack,  with  modifi<*ations  arising  from  osclllati<»n  of  level. 

The  geologic  colunm  forming  tbe  basis  of  this  outline,  avoiding  minor 
details  that  are  properly  the  subject  of  further  study  before  specific  state- 
ment should  be  made,  is  as  follows : 
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Recent  alluvial  deposits. 

Submergence  with  flood-plain  deposits. 
Younger  Series. 

San  Juan  dune  sands  (Pleistocene). 
Submergence  with  terrace  cutting. 
Post-Arecibo  emergence  and  erosion. 
Organic  limestones,  marls  etc.  (Mid-Tertiary). 
Arecibo  reef  limestones  (Oligocene). 
Lares  shales  etc.  (Eocene  ?). 
Marlsed  unconformity. 
Older  Series. 

Interbedded  limestones,  tuffs  and  shales  etc.  (Cretaceous),  Coamo 
tuff-limestone,  Trujillo  Alto  limestone,  Aibonito  conglomerates  and  shales 
with  many  intrusives. 

Interbedded  foraminiferal  shales  and  ash  shales  with  tuffs,  cut  by 
many  intrusives  (Early  Cretaceous  ?),  Fajardo  shales,  Mayaguez  shales, 
Barranquitas  shaly  limestones.  Sierra  de  Cayey  tuffs,  Comerio  consoli- 
dated ash  beds  and  tuffs,  etc. 

Future  Problems 

One  of  the  objects  of  this  exploratory  study  was  to  discover  and  define 
the  problems  that  should  be  investigated  by  this  organization.  It  is  not 
supposed,  in  enumerating  this  list,  that  these  cover  every  possible  subject 
of  special  study,  but  they  do  indicate  the  fields  in  which  there  is  promise 
of  immediate  and  valuable  scientific  returns,  and  at  the  same  time  will 
add  to  the  fund  of  usable  information  to  be  put  within  reach  of  the  people 
of  Porto  Rico. 

BASE  MAP 

One  of  the  fundamental  things  as  a  basis  for  all  sorts  of  detailed  geo- 
logic work  is  a  good  contour  map.  The  whole  island  ought  to  be  mapped 
in  the  same  manner  as  is  done  in  the  United  States,  using  the  same 
quadrangle  system.  On  account  of  the  density  of  population,  the  com- 
plexity of  structure  and  relief  and  the  variety  of  agricultural  uses  of  the 
soil,  the  scale  should  be  approximately  one  mile  to  the  inch,  or  1 :  62600, 
so  that  these  maps  could  be  used  as  base  maps  for  all  sorts  of  special 
purposes. 

The  maps  now  available  are  chiefly  those  of  the  Interior  Department 
of  Porto  Rico,  made  to  illustrate  the  various  reports  of  the  department 
and  representing  the  progress  of  public  works  such  as  railways,  telegraph 
and  telephone  lines  and  highways.  On  account  of  the  care  with  which 
the  different  classes  of  roads  have  been  shown,  and  the  general  accuracy 
of  locations,  these  maps  are  especially  useful  in  the  present  investiga- 
tions.    One  of  the  most  useful  is  a  map  of  the  Bureau  of  Public  Works 
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on  a  scale  of  approximately  f  inch  per  mile  which  has  even  the  kilometer 
distances  along  the  roads  indicated.  Until  some  sort  of  a  contour  map 
can  be  secured,  such  maps  as  these  will  be  found  eminently  serviceable. 
Along  the  south  coastal  margin  within  the  region  of  irrigation  devel- 
opments, there  lias  been  some  special  mapping  with  contours.  In  no  case 
do  they  cover  much  ground  beyond  the  outer  lowland  and  terrace  border, 
and  because  of  this  limitation  they  are  not  so  generally  useful  for  our 
purpose  as  the  Interior  Department  maps.  They  are,  however,  ver}' 
much  more  accurate  and  detailed  and  for  the  territors^  covered  are  ami- 
nently  suitable  as  base  maps. 

GEOLOGIC    MAP 

A  geologic  map  of  the  island  should  be  one  of  the  results  of  this  series 
of  studies,  whotlior  a  relief  map  is  secured  or  not.  Such  a  map  of  the 
whole  island  is  necessarily  an  ultimate  rather  than  an  immediate  product, 
but  district  maps  can  bo  undertaken  at  once,  with  no  difficulty  whatever. 
These  preliminary  districts  can  bo  selected  so  as  to  include  some  of  the 
most  promising  investigation  problems  in  special  linos,  and  both  kinds  of 
work  can  thus  bo  carried  on  at  the  same  time.  This  therefore  leads 
directlv  to  the  noxr  item,  wliich  is  district  studies. 

« 

Tho  only  geologic  map  Ibus  far  altonipted  is  that  by  1?.  T.  Hill. 

DISTRICT  STUDIES 

It  is  possible  now  to  select  areas  which  are  known  to  contain  geologic 
features  of  special  interosi  and  significanco.  and  it  will  generally  be  con- 
venient, if  not  indeed  necessary,  for  the  investigator  to  make  a  detailed 
geologic  map  as  a  secure  foundation  for  his  special  studies.  One  of  these 
is  the  Coamo  Springs  District,  which  may  bo  made  large  enough  to  ex- 
tend from  the  Descalabrado  river  on  tho  west,  to  Salinas  on  tho  oast,  and 
reach  as  far  north  as  Aibonito.  It  will  include  as  features  of  special 
importance  for  investigation,  in  addition  to  the  mapping,  the  hot  springs, 
the  great  conglomerate  series,  one  of  the  later  of  the  great  volcanic  vent 
complexes,  the  genetic  histor}'  and  horizon  of  tho  Coamo  limestone  which 
is  a  striking  mixture  of  volcanic  and  organic  matters,  the  high  floodplain 
deposits  of  the  stream  valleys  and  their  bearing  on  late  geologic  history, 
and  certain  physiographic  studios  connected  with  the  coastal  terraces. 
This  district  promises,  as  can  be  seen,  an  unusually  large  range  of  topics 
inviting  special  study,  all  of  which  will  be  illuminating  to  further  devel- 
opment of  the  geologic  survey  of  the  island. 

Another  district  of  equal  promise  in  a  very  different  manner  is  on  the 
north  coast  oxtonciing  from  tho  Quebradillas  to  tho  Arocibo  river  and 
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reaching  from  the  sea  to  Lares  so  as  to  include  a  strip  of  the  older  com- 
plex rock  series  beyond  the  inner  margin  of  the  Tertiary  series  of  reef 
limestones  and  shales  which  constitute  the  greater  part  of  the  bed  rock 
of  the  area.  Beside  the  mapping  and  detail  of  structural  relations,  this 
district  presents  the  best  opportunity  to  investigate  the  question  of  exact 
age  of  the  basal  beds  of  the  Tertiary  series,  the  transition  from  lignitic 
shales  of  perhaps  fresh  water  alluvial  origin  to  massive  limestones  of  reef 
t}T)e,  a  subdivision  of  the  Tertiary  series,  the  meaning  of  the  thinning 
out  and  disappearance  of  the  Lares  shales  toward  the  east,  and  a  paleon- 
tologic  study  of  the  beds,  all  of  which  are  fundamental  in  any  additional 
study  of  other  districts  containing  the  Tertiary  rocks.  There  are  besides 
good  opportunities  to  study  the  meaning  of  the  high  terrace-like  shelf 
coming  abruptly  to  the  sea  at  Quebradillas  river  and  the  meaning  of  the 
deep  embayments  now  occupied  by  such  playas  as  that  at  Arecibo.  This 
is  also  one  of  the  best  localities  for  a  detailed  study  of  the  structural  and 
petrographic  features  of  the  San  Juan  formation  as  well  as  the  behavior 
of  modem  dune  sands  along  the  present  coast. 

Another  district  of  still  different  features,  and  giving  foundation  for 
special  studies  of  quite  a  different  bearing,  is  that  lying  between  Caguas 
and  the  Caribbean  sea  and  perhaps  extending  as  far  eastward  as  N'aguabo. 
This  will  include  the  largest  massive  igneous  unit  in  the  whole  island 
and  promises  information  bearing  upon  magmatic  differentiation,  origin 
of  the  magnetic  iron  ores,  relation  of  the  great  intnisive  masses  to  the 
other  igneous  representatives,  petrographic  range  of  the  igneous  rocks, 
and  marginal  metamorphic  or  other  effects, — studies  fundamental  in  a 
final  statement  of  the  igneous  histors-  of  the  island. 

There  are  other  districts  which  have  special  problems  associated  with 
the  regular  areal  geologic  work,  but  these  are  sufficient  to  indicate  the 
range  of  such  district  studies  and  their  variety. 

Certain  special  investigations  are  of  a  sort  requiring  comparison  and 
sunrntarv  of  manv  different  localities,  and  for  these  it  will  not  be  wise 
to  handicap  the  investigator  by  limiting  work  to  a  single  district.  Some 
of  these  are  suggested   below. 

REEF-Br:iLDING   ORGANISMS 

The  limestones  of  Porto  Tiico  are  remarkable  for  the  great  prominence 
of  aliTcT  and  corals  and  other  closely  associated  organisms  lending  them- 
selves to  the  construction  of  reefs  and  accompanying  deposits.  These 
forms  belong  to  practically  every  limestone  formation  of  both  the  older 
and  the  younger  series  except  those  most  closely  related  to  the  shales.  It 
is  a  study  requiring  the  training  of  a  specialist  in  such  lines. 
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PALEONTOLOGY 

The  total  organic  content  is  much  greater  than  is  intended  to  be  in- 
cluded under  "Eeef-building  organisms."  There  are  immense  numbers 
of  splendidly  preserved  fossil  species  of  organisms  belonging  especially 
to  the  Tertiary  series.  Probably  a  great  many  are  new  to  science. 
There  are  probably  few  places  in  America  or  within  territory  belonging 
to  the  United  States  where  the  marine  Tertiarv  succession  is  of  more 
promise  than  in  Porto  Bico.  This  problem  or  line  of  investigation  is 
closely  related  to  the  next  topic,  that  of  Tertiary  subdivision. 

TERTIARY   SUBDIVISION 

A  faunal  and  stnictural  summary  will  naturally  lead  to  the  establish- 
ing  of  subdivisions  and  the  determination  of  horizons  in  the  younger 
series  of  rocks  rulniinatinf]^  in  a  statement  of  the  complete  Tertiary  his- 
tory of  the  island. 

SAN  JUAN    FORMATION 

A  study  of  the  charnc-teristics  and  detail  of  origin  and  historical  steps 
associated  with  the  Pleistocene  fossil  dune  sands,  referred  to  as  the  San 
Juan  formation,   is  another  problem. 

SUBDIVISION  OF  PRK-TERTIARY  COMPLEX 

A  discussion  of  this  kind  is  one  that  will  properly  follow  upon  the 
completion  of  areal  work  in  several  of  the  typical  districts.  Tt  is,  how- 
ever, one  that  will  necessitate  investigations  throughout  the  interior  of 
the  island,  and  will  include  a  summarv  of  the  characteristics  of  all  of  the 
prominent  local  formations.  A  grouping  and  correlation  can  no  doubt 
be  made  in  due  time. 

MINERAL   RESOURCES 

On  account  of  the  interest  taken  by  the  people  of  Porto  Kico  in  the 
question  of  possible  mineral  resources,  it  is  desirable  to  undertake  an 
investigation  of  the  kinds  of  products,  their  origin,  distribution  and  prob- 
able economic  value.  In  connection  with  this,  because  of  the  small 
amount  of  exploratory  work  that  has  been  done,  it  would  be  especially 
useful  if  suggestions  were  made  at  the  same  time  about  the  methods  of 
exploratory  development  and  the  people  cautioned  concerning  wasteful 
methods.  This  work  should  be  done  so  as  to  cover  the  whole  range  of 
mineral  possibilities  in  the  island  regardless  of  location.  There  are 
known  deposits  of  copper,  iron,  gold,  lead,  silver  and  zinc  among  the 
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metals  as  well  as  a  number  of  non-metallic  products.  But  in  no  case  is 
the  real  value,  or  the  probable  extent  or  the  geological  relation,  known 
sufficiently  well  at  the  present  time  to  serve  as  a  basis  for  a  discussion. 
This  should  be  one  of  the  first  undertakings  of  this  survey,  both  because 
of  the  fact  that  its  value  is  fully  appreciated  by  the  people  of  Porto  Rico 
and  because  its  conclusions  do  not  materially  depend  upon  the  other  in- 
vestigations or  mapping  progress. 

PETROGRAPHY 

On  account  of  the  great  number  of  igneous  rock  occurrences  and  the 
very  great  variety  that  is  certain  to  be  shown  in  quality  and  minor 
petrographic  character,  and  because  of  the  considerable  range  in  compo- 
sition alreadv  known  to  characterize  the  intrusives,  there  would  seem  to 
be  an  ample  and  promising  field  in  this  line  for  a  special  investigation. 
Tt  is  possible  that  some  genetic  relationship  is  exhibited  in  the  distribu- 
tion of  these  variations  and  that  a  thorough  comprehensive  study  would 
throw  some  light  on  the  more  obscure  problems  connected  with  the  gen- 
esis of  igneous  rocks.  This  is  a  problem  that  can  be  taken  up  at  any 
time,  and  that  need  not  be  regarded  as  dependent  upon  special  district 
studies,  although  it  is  evident  that  the  finishing  of  work  on  certain  dis- 
tricts would  facilitate  a  study  of  this  kind. 

PHT8I0GRAPHY 

Enough  is  known  of  the  physiographic  features  and  their  meaning  to 
appreciate  that  a  great  deal  of  the  detail  of  the  later  geologic  history  of 
the  island  is  more  or  less  intimately  bound  up  in  the  physiographic  de- 
velopment. The  broader  or  larger  physiographic  features  have  already 
l)een  suggested,  but  there  are  certainly  many  details,  some  of  which  may 
well  be  of  much  significance  in  understanding  the  geologic  history,  which 
will  require  the  special  attention  of  a  trained  physiographer.  Porto  Rico 
is  a  unit  of  geologic  history,  of  geologic  structure  and  of  physiographic 
form.  Each  is  of  sufficient  complexity  and  unity  to  l)e  made  independent 
subjects  of  investigation. 

THERMAL  WATERS 

The  hot  springs  in  the  vicinity  of  Coamo  Springs  suggest  from  their 
situation  and  reported  composition  the  possibility  of  being  representa- 
tives of  juvenile  waters.  Tt  is  believed  that  a  study,  planned  especially 
to  investigate  the  origin  and  character  of  these  waters,  together  with  such 
others  as  may  exist,  would  be  a  very  suitable  special  investigation.     On 
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account  of  tlie  fact  that  tJie  principal  occurrence  of  this  type  of  water  ia 
very  local,  it  would  be  possible  to  combine  a  study  of  this  kind  with  a 
district  study  such  as  has  been  referred  to  in  a  preceding  paragraph. 

GEOLOGIC  HISTORY 

The  complete  geologic  history  of  the  Island  of  Porto  Kico  cannot  he 
written  until  all  of  these  and  perhaps  other  more  special  investigations 
have  been  made.  A  cniriplelc  historical  statement  must  be  regarded  as 
an  end  product  of  the  whole  range  of  studies  carried  out  for  more  special 
purposes.  It  is,  therefore,  the  final  topic  and  may  well  be  deferred  to  a 
time  when  most  of  these  already  su^«restod  have  been  carried  far  enough 
so  that  the  data  of  special  importance  secured  by  them  are  available  for 
this  general   summary. 

It  is  evident  from  the  ap])ejirancc  of  this  list  that  there  is  a  very  great 
amount  of  ircolofrical  work  awaiting  the  invesligator  in  Port()  Hioo,  and 
that  it  is  varied  and  complicated  enough  to  riMjuirc  several  years  of  study 
in  large  pnrt  })y  experts  or  specialists  in  all  branches  of  the  subject.  It 
can  be  seen  also  that  the  Island  of  Porto  Kico  is  a  geographic  unit  of 
more  than  usual  complexity  and  scientific  interest  and  gives  promise  of 
results  for  effort  expended  in  researches  along  geologic  lines. 

Collections 

A  beginning  has  been  made  toward  securing  a  representative  collection 
of  typical  rocks  and  f(>ssils.  Several  hundred  sp(*cimens  were  brought  to 
New  York  for  use  in  formulating  the  accompanying  description,  and  as  a 
possible  basis  for  further  more  special  investigations. 

As  a  first  step  in  this  direction,  about  a  hundred  thin  sections  of  the 
rocks  have  been  made  for  microscopic  study  and  detailed  comparison. 
They  will  form  a  basis  in  planning  the  special  petrographic  investiga- 
tions which  mav  be  undertaken. 

In  like  manner  a  large  number  of  fossils  have  been  gathered  and  their 
general  relations  are  being  studied.  Additional  investigaticms  along 
paleontologic  lines  will  be  in  large  part  outlined  or  suggested  by  the  trend 
of  these  studies,  for  although  the  collection  is  very  fragmentary  it  is 
nevertheless  characteristic  and  fairly  representative  of  the  principal  for- 
mations. 

More  than  a  hundred  photographs  were  taken  of  strictly  geological 
subjects  illustrating  typical  physiographic  features,  structural  detail  of 
rock  formations,  structural  relations,  etc.  These  are  all  snitablv  labeled 
and  form  the  beginning  of  a  collection  of  illustratkms  of  "Porto  Rican 
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geology.    In  addition  to  the  regular  photographs,  a  number  of  photomi- 
crographs liave  been  made  from  the  thin  sections  of  typical  rocks. 

Some  of  this  material  will  finally  serve  as  a  foundation  for  the  geo- 
logical section  of  what  it  is  hoped  may  iK^come  a  Natural  History  Museum 
of  Porto  Rico. 

Illustrations 

cross-sections 

The  note  books  of  the  party  and  field  maps  carry  a  record  of  field  de- 
terminations and  detail  of  structural  relations  and  comments  greatly  in 
excess  of  what  can  be  published  in  such  a  report.  They  are  the  property 
of  the  organization  and  are  of  particular  service  as  guides  in  planning 
further  work  and  in  giving  each  new  investigator  his  bearings,  together 
with  soni(*  suggestions  about  the  (rharact^^r  of  his  own  district  (►r  the  dis- 
tribution of  <lata  bearing  uj)on  his  special  investigation.  The  note  books 
contain  observations  along  some  of  the  princii)al  roads  in  sufficient  detail 
to  serve  as  a  foundation  for  complete  generalized  geologic  cross-sections 
of  the  island  on  two  especially  important  lines. 

Cross-sections,  therefore,  have  been  drawn  to  illustrate  the  kind  of  sur- 
face relief,  the  grade  of  the  road,  the  kinds  of  rocks  or  rock  formations 
and  the  geologic  structural  relations,  and  are  rej)roduco(l  to  accompany 
this  report.  An  immense  amount  of  (let^iil  is  necessarily  omitted  or  com- 
bined into  generalizations  in  order  to  bring  the  sections  within  the  scope 
of  a  publication  of  this  kind.  It  is  judged  that  some  of  these  details  will 
be  suitable  illustrative  matter  for  future  reports  based  on  studies  of  spe- 
cial districts.  One  of  the  sections  is  based  on  data  gathered  along  the 
road  from  Ponce  to  Arecibo.  The  line  is  drawn  from  Arecibo  to  Ponce 
direct  and  the  data  are  projected  to  this  line.  This  method  tends  to 
()l)literate  the  windings  of  the  road  and  secure  practically  normal  propor- 
tions and  relative  positions  for  the  associated  formational  units.  The 
otiier  section  line  is  drawn  directly  from  San  Juan  Point  to  Santa  Isabel. 
By  projecting  to  this  line  all  the  data  gathered  on  the  Bayamon-Comerio- 
Barranquitas-Coamo  road  a  great  deal  more  elimination  of  road  curves  is 
accomplished  than  in  the  other  section,  and  it  makes  the  grades  of  the 
road  look  somewhat  abnormal  by  reason  of  this  shortening  of  road  dis- 
tance of  certain  large  curves,  but  on  the  whole  the  relations  are  shown 
without  special  difficulty  except  that  attendant  upon  the  need  of  general- 
izing the  minor  structural  detail. 
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KAPS 

A  hasty  recoiuioissance  examination  is  seldom  a  satisfactory  basis  for 
an  areal  map.  This  is  quite  true  of  the  present  investigation.  On  this 
account,  therefore,  if  it  were  not  for  other  considerations,  an  areal  map 
would  not  be  attempted.  But  in  this  case,  where  a  good  many  more  or 
less  independent  special  investigations  are  to  be  carried  on  in  which  a 
reasonably  accurate  geological  map  will  prove  decidedly  helpful,  there  is 
sufficient  excuse  for  presenting  a  reconnoissance  map.  An  earlier  map 
of  this  kind  prepared  by  R.  T.  Hill  was  made  under  conditions  so  much 
less  favorable  for  travel,  and  seems  to  have  been  constructed  in  some  par- 
ticulars with  so  much  less  opportunity  for  observing  the  actual  conditions 
in  certain  areas,  that  an  entirely  new  map  is  believed  to  be  the  better 
solution  of  the  present  need.  Tlie  accompanying  reconnoissance  map  is 
intended,  therefore,  as  a  convenient  guide  or  location  map  for  subsequent 
more  special  investigations,  and  it  is  expected  to  be  wholly  replaced  by 
one  of  much  more  detail  and  greater  accuracy  as  a  final  product  of  this 
survey. 
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The  princi|)al  *reneral  li?its  of  Greater  Antillean  spiders  aro  by  Xatluin 
Banks,  who  has  reported  on  collections  from  Cuba  (1909),  Haiti  (1903) 
and  Poito  Kico  ( 1902).  Practically  tbe  onlv  list  for  the  Lesser  Antilles 
is  Eugene  Simon's  for  St.  Vincent.  Except  for  Banks's  Cuban  list,  which 
was  overlooked,  A.  Petrunkevitch  (1911)  lias  inehideil  nearly  all  the 
]>ublished  records.  For  the  sake  of  uniformity  J  have  folbnved  rather 
closely  his  synonymy  even  thou«rh  it  is  not,  in  all  cases,  in  a^rreement 
with  the  ideas  of  Mr.  Banks,  who  is  responsible  for  the  identitieatioii  of 
most  of  our  s]MH-in\ens.  T'nless  otherwise  stated,  I  have  also  relied  on 
Petrunkevitcirs  eatalogne  for  data  ooneerninir  distribution  in  the  we-tern 
h.emisphere.  I  have  usually  departed  from  the  alphabetical  arrano^ement 
of  genera  used  by  Petrunkevitch  and  followed  more  nearly  the  arrange- 
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iiHTii  id'  Simon's  Histnirt-  Niinm'llc  (lsn-M!m;i|  mul  iuiv.-  nlii'il  larjiely 
iL|ii>n  Simon  frir  tiatrt  cuiU'cniin;,'  Oistriliiitimi  iii  llii>  Ulii  WniM. 

Tlie  dissurttiiiiHis  ini  distrilniHon  liiive  Ikhmi  iiiihuk'*!  lii't.'aiis<>  a  stiijv 
of  tlic  {irolilt'iiii'  of  ilUtriliutioii  is  tlii'  miiitt  cu'iiso  for  ii  luuiial  li>t.  I 
u'oll  I'uali/o  that  \w  kiion-  I'ar  ton  little  of  the  faiinu  of  tliis  itnil  iiei^hlior- 
in^  rt^^ions  ti>  iilteitijit  to  <lniw  linal  concl unions  and  I  also  rcnlizi-  that 
cvfii  if  niir  kTiowh->l-.'i>  nf  till'  spiders  wero  |>iTfiTl  il  woiihl  l)e  iietrssarv 


'Id 


of  till-  viiir. 

t<<  xtiiik.  ill  cciiiix't'tiiiiL  with  llieir  ilistiihnti'Hi.  the  ilislriliiittnn  of  niiit-r 

il  s,-i>(n.-  ihiii  uc  hiivi-  imw  n  lijisis  for  an  ininvstln^  disnissiuii  at  li-ast, 
Th.-  lu'w  r.-1'iiril-  in  thi>  list  i-omt'  mainly  from  four  souives.  the  s|>ei:i- 
iiiciis  bciiifr  ill  the  American  Museum  of  Natural  History:  collecting  ia 
Ciihii  ill  S..|ii,.ni!>er  ami  i-arly  October.  VMi.  hy  tlie  author  and  'SU.  C.  W. 
[^■n;::  in  I'orto  Hifo.  Mona  ( I'i;:'irf  1 1  iiml  LKs.fhoo  (Figure  -i)  in  Feb- 
ruary ami   Manli,   1!'I1.  Iiy  the  uuthur:  in  Janiaiea  in  F'ehriiary  aud 
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March,  1012,  bv  the  late  Mr.  J.  A.  Grosabcok;  and  in  Culebra  and  Piirto 
Rico  i>y  Professor  Wni.  M.  Wheeler,  The  Hrst  two  colltttions  were  ideii- 
tiftwl  by  Mr.  Xathaii  Banks.  Such  of  the  last  two  as  have  been  wi)rked 
up  were  largely  identilied  by  Dr.  Alexander  Petnnikevitch.  .Mthmigh 
all  of  these  expeditions  were  primarily  for  insects,  careful  field  notes  ac- 
company most  of  the  spiders,  and  these,  when  deemed  important,  have 
been  incorporated  here. 


Fig.  l.—Vitm  of  a  portlan  of  I 

icio  he, 

VnUke  Mona,  TViechro  hnx  n..  .-iMiHtiil  »trlp.     The  clIlTs. 
a«  on  Monn.    Thi>y  arp,  for  Ih.-  rount  port,  cuvpitiI  wH 

b7u-'^'','r  t"> 

■  m.,  H»  preclplloug 
i..roi.li.Ulc  thicket. 

Where  a  iimre  or  less  definite  type  liK'alitv  Tor  n  spcfics  is  kimu-n,  it 
usually  has  hi-en  indicated  by  the  sign  f  before  the  liK'ality,  unless  it  is 
given  by  the  i<iiilext.  .Vs  far  as  possible,  the  entiie  ninge  is  given  in 
every  ease.  <<>  that  when  ynly  (Hie  Im-ality  is  nieiitiiwd  it  means  that  tlie 
author  km.ws  of  im  orher  rwnrds,  lint  fret]iiently  an  inchu^ive  term  is 
uscil.  sui-b  as  -rniled  Stales."  when  ii  number  nf  more  ib'linite  localities 
are  known. 
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AKAXE.E  THEKAPHOSxE 

Liphistiidit*  is  an  interesting  family  wliieh  is  sometimes  and  on  good 
grounds  given  the  rank  of  a  suborder  (Mesotlielas).  It  has  but  two 
recent  species,  botli  of  whicli  belong  to  a  single  genus  (Liphistius)  and 
are  known  onlv  from  the  East  Indies.  The  fact  that  thev  have  segmented 
abdomens  and  that  they  were  apparently  the  predominant  group  in 
America  and  elsewhere  in  Palaeozoic  times  indicate  a  great  antiquity. 
If  it  be  true,  as  I  believe  it  to  be,  that  the  West  Indies  share  with 
Oceanica,  ^fadagascar  and  parts  of  Africa  and  South  America  the  honor 
of  being  preserves  for  ancient  Arane«,  it  is  possil)le  that  representatives 
of  this  group  may  yet  be  found  in  the  Antilles. 

AviCULARlD-1-: 

This  family  is  variously  known  scientifically.  Unfortunately  the  pop- 
ular name  for  certain  of  these  creatures  is  tarantula — a  term  used  in 
scientific  literature  for  a  genus  of  whip-scorpions  occurring  in  the  West 
Indies  and  elsewliere.  It  is  curious  that  no  Palaeozoic  remains  of  this 
family  have  been  found  in  either  Xorth  America  or  Europe.  The  large 
size  of  the  recent  forms  and  the  undoubted  age  of  the  group  would  lead 
one  to  expect  such  fossils.  Of  the  seven  subfamilies,  one  (Miginae)  is 
confined  to  Africa,  Madagascar  and  Xew  Zealand;  one  (Paratropidina?) 
is  found  in  the  Amazon  region  and  in  St.  Vincent:  one  (Actinopodinaj) 
has  one  genus  with  a  unique  species  in  southern  Africa,  one  genus  in 
Australia  and  one  in  Central  and  South  America.  The  other  subfamilies 
have  representatives  in  the  Greater  Antilles  and  will  l)e  considered  more 
in  detail. 

Mygale  is  a  preoccupied  name  but  there  were  a  numl)er  of  species 
described  under  it  which  have  not  yet  l)een  placed  elsewhere.  Of  these, 
maculafa  Walekenaer  is  from  Jamaica  and  the  following  were  described 
from  the  West  Indies:  athietica  Koch,  probably  an  Eurypehna:  conformis 
Koch,  a  Trerhonn.  according  to  Ausserer. 

CTENIZINJE 

These  are  the  ^'trap-door  spiders,"  so  called  because  many  of  them 
close  the  entrance  to  their  underground  tunnels  with  a  hinged  lid. 

Pachylomerus  is  foimd  not  only  in  America  from  the  District  of 
Columbia  to  Venezuela  and  possibly  Brazil,  but  also  in  the  Mediterranean 
region  and  .lapan.  One  species  is  known  only  from  St.  Vincent  and  the 
only  other  Antillean  species,  so  far  as  is  known,  is  nidulaius  (Fabricius). 
It  is  probably  confined  to  Jamaica  where  it  is  rather  common  in  the 
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central  parts  of  the  island  in  places  where  the  "soil  is  not  exposed  to  the 
eifeets  of  the  extremes  of  heat  and  nioisture""  (Sells). 

BARYOHELiy.1: 

Stothis.  Petrunkevitch  lists  two  species  from  \'enezuela  and  one 
from  St.  Vincent  but  he  overlooked  cuhana  Banks  from  f  Santiago  de  las 
Vegas,  Cuba. 

Trichopelma  has  two  species  in  Brazil  and  one,  nUidutn  Simon,  con- 
iined  to  Santo  Domingo. 

The  two  genera  just  mentioned  belong  to  a  section  of  the  Barvchelina* 
which  are  tropical  American  except  for  a  genus  from  tlie  Me<literrauean 
region  and  eastern  Africa. 

AVJCULARIIN.E 

Ischnocolus  has,  according  to  Petrunkevitch,  no  representative  in 
America.  /.  hirsutus  Aussercr.  rec(>rded  from  fCuba  and  the  Bahamas,, 
is  believed  bv  him  to  be  a  yoimg  Lasiadoni.  Jianks  records  tlic  genus 
from  2,800  feet  altitude  on  El  Yunque,  Porto  Rico. 

Stichoplastus  has  one  species  recorded  from  each  of  tlie  following: 
Venezuela,  Trinidad  and  (Juatemala.  Professor  Wheeler  tcjok  a  speci- 
men, as  yet  imidentified,  in  Culcbra  Island,  Porto  Eico. 

Hapalopinus  has  only  one  sp^*cies.  nibanus  Simon,  and  it  is  confined 
to  C'uba. 

Scopelobates  sericeus  Simon  is  the  only  species  of  its  genus  and  is 
known  onlv  from  its  tv])e  localitv,  Puerto-Plata,  Haiti. 

Cyrtopholis  has  one  species  in  Mexico,  two  in  South  America,  one  in 
the  Bahamas,  and  three  in  the  northern  Ix?sser  Antilles.  In  addition, 
agills  PocfKrk  and  rursar  (Ausserer)  have  been  recorded  from  Santo 
Domingo;  innocuus  (Ausserer)  from  jHavana,  Cuba;  and  jamaicola 
Strand  from  Afontego  Bay,  Jamaica.  It  belongs  to  a  group  which  is 
cntirelv  American,  as  far  as  is  known. 

Eurypelma.  To  this  American  genus  belong  the  large  tarantulas — 
the  creatures  which  are  usually  thought  of  when  the  latter  name  is  used. 
Only  one  s]jecies  has  been  recorded  from  the  West  Indies.  It  is  spinirrns 
(Latreille)  from  Cuba  and  is  fairly  common  there.  Banks  states  that 
he  has  seen  an  immature  Eunjpclma  from  Cayamas,  Cuba,  which  re})re- 
sents  another  species  but  was  unable  to  ])lace  it.  The  other  thirty  species 
are  found  chieflv  from  southwestern  Tnited  States  to  northwestern  South 
America. 

Avicnlaria  is  largely  confined  to  South  America,  there  being  one 
species  reported  as  confined  to  California,  one  to  Panama,  three  to  the 
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Antilles  and  fourteen  to  Soutli  America.  Of  the  Antillean  species,  one 
is  rec-orded  only  from  Guadeloupe  and  Martinique  while  two,  c(vsia 
(Koc'h)  and  Iccta  (Koch),  are  known  only  from  Porto  Kico.  Banks 
recorded  Iceta  from  Culebra  and  Utuado,-  Porto  Kico. 

Phormictopus  cancerides  (Latreille)  is  the  type  of  a  genus  the  only 
other  known  species  of  which  is  probably  found  in  South  America.  P, 
cancerides  is  reported  from  Brazil,  f  Santo  Domingo,  Culebra,*  and  the 
following  Porto  Bican  localities:  Lares,  Anasas,  San  Juan,  Hacienda 
Esparanza  and  Isolina. 

DIPLURINX 

Dipliira  macrura  (C.  Koch)  is  spoken  of  by  Simon  as  confined  to 
fSt.  John.  Banks  records  it  from  Piiiar  del  Rio,  Cuba,  under  the  name 
of  Isclinothele.  The  remaining  members  of  the  genus  are  from  South 
America  and  three  closely  related  genera  are  confined  to  that  continent. 
Two  other  genera  are  found  in  South  America  and  also  in  Madagascar 
and  Australia,  one  of  them  reaching  even  parts  of  Asia  and  Africa. 

Ischnothele  digitata  (Cambridge)  is  recorded  from  Mexico  and  f  Gua- 
temala. It  is  said  to  live  '^in  holes  in  the  ground,  near  which  it  makes 
small,  strong,  irregular  webs,  consisting  of  various  floors  or  chambers." 
^Ir.  Grossbtvk  took  it  near  Cinchona,  Jamaica,  under  a  rotten  log.  In 
America  the  genus  is  reported  from  !\rexico  to  Bolivia  and  also  in  the 
Baluunas.  Either  it  or  a  closely  related  genus,  Tlielcrlwris,  is  found  also 
IP  Madagascar,  East  Africa  and  India.  Of  the  group  of  genera  to  which 
it  belongs,  another  is  American,  two  are  confined  to  Australia,  one  to 
New  Zealand,  one  to  New  C'aledonia,  one  to  the  Trans-Caspian  region, 
and  one  is  found  in  Spain,  Malasia  and  New  Zealand. 

Although  Acrola  is  not  known  in  the  Greater  Antilles,  its  distribution 
is  worth  mentioning,  namely,  St.  Vincent,  Venezuela  and  the  Philippines. 
A  closely  related  genus  is  confined  to  the  Fiji  Islands. 

Atypiilfe  is  a  small  family  which  ranges  over  much  of  the  warmer 
]K)rtions  of  the  nortliern  hemisphere  and  is  even  found  in  Argentine  and 
l^Falasia.     Ft  is  not  known  from  the  Antilles. 

ABANE.E  \YA\JE 

The  iry]»oc]iili(he  arc  undoubtedly  Aranose  Yervs  but  they  differ  from 
(-tiler  members  of  this  suborder  and  agree  with  the  Theraphosjp  in  the 


2  The  8|M»lllnK  tIiron>jli<iiit  thin  pap«»r  n*roo.  T'.  S.  Nat  MuNcum,  XXIV.  1902)  is 
"rtado."     DoubtleKK  the  place  now  known  an  Utiiado  Is  meant. 

'This  and  the  Torto  IMcjin  reoor<N  nre  jjlven  by  ftanks  undct*  the  name  of  ftrhizopetma 
erifhuonii  ( I-Atn'lllri. 
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possession  of  two  pairs  of  book-lungs.  There  are  but  three  species  ac- 
cording to  Conistock,  one  in  the  mountains  of  Tennessee,  one  in  China 
and  one  in  Tasmania. 

Uloborid^e 

Like  the  Argiopid*,  tlie  meml)ers  of  this  family  spin  orb  webs  but  the 
webs  contain  a  hackled  band  not  found  in  those  of  the  Argiopids.  The 
spiders  themselves  differ  in  important  anatomical  characters.  Three  of 
the  five  American  genera  occur  in  the  Greater  Antilles. 

DINOPINJE 

Dinopis  is  found  in  Africa,  Madagascar,  Australia  and  certain  of  the 
Pacific  Islands.  Of  the  eleven  American  species,  two  are  recorded  only 
from  Mexico  and  Central  America:  seven  from  South  America:  and  one, 
fipinosa,  from  southeastern  United  States,  Venezuela  and  St.  Vincent. 
D,  lamia  MacLeay  is  recorded  from  fCuba.  The  only  definite  localities 
given  in  this  island  are  Santiago  de  las  Vegas  (sweeping  grassland)  and 
<?ayamas.  We  took  it  on  the  steep  rocky  coa.st  of  Desecheo  by  beating 
3ow  shrubs.  Ditio/ns  belongs  to  a  subfamily  of  which  the  only  other 
genus  is  found  in  Africa,  Australia" and  New  Caledonia.  It  is  evidently 
an  old  group. 

ULOBORiy^ 

Uloboms  is  cosmopolitan  and  U.  gcniculatu-s  (Olivier)  is  known  from 
Australia,  ^lalay  Arciiipclago,  Bourbon,  Bermuda  and  the  American 
tropics  and  subtropies.  This  species  is  recorded  from  several  of  the 
Lesser  Antilles  but  the  only  definite  records  whit-h  have  come  to  my 
attention  from  the  Greater  Antilles  are  the  followim?  bv  Banks:  the 
laboratory  at  Santiago  de  las  Vegas,  Cuba ;  near  Port  au  Prince,  Haiti ; 
and  Lares,  Porto  Rico.  It  is  surprising  that  we  have  not  taken  it  in 
the  Greater  Antilles.  It  is  usuallv  found  about  houses  and  its  webs  are 
frequently  conspicuous  by  reason  of  star-like  egg-sacs  fastened  to  them. 
U,  americanus  Walckemer  is  widely  distributed  in  the  western  hemisphere 
but  is  more  northern  in  its  distribution  than  genicuJatus.  We  have  it 
from  Labrador  and  it  is  known  throughout  the  United  States  and  south 
to  Costa  Pica :  also  in  the  Bahamas.  The  onlv  definite  Antillean  record 
r  have  seen  is  that  by  Banks,  under  the  name  of  pJumipes.  from  Cayamas, 
Cuba.  U.  repuhlicanus  Simon  is  known  from  fVenezuela  and  Cuba.  We 
took  it  at  the  edge  of  a  mangrove  swamp  near  Cabanas,  Cuba,  an<l  ob- 
served the  same  habit  noted  bv  Mr.  Schwartz  (1904)  at  Cavamas,  Cuba. 
He  says:  "Each  spider  has  an  individual  web,  but  all  are  placed  in  a 
great  communal  web,  one  of  which  was  7  to  9  feet  wide,,  5  to  7  feet  high, 
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and  fl  feet  in  depth.  The  male  spiders  were  in  one  of  tlie  lower  corners 
of  this  common  wel»/'  There  were  about  1,000  spiders  in  this  web  and 
several  other  smaller  ones  had  about  300  spiders  in  each.  Of  the  re- 
maining American  species  of  Uloboru'^.  one  is  confined  to  California, 
nine  to  Mexico  and  Central  America  and  fourteen  to  South  America. 

MIAORAMMOPIXJE 

Miagrammopes  is  known  from  Africa,  ^fadagascar,  southern  Asia 
}ind  Australia.  It  has  two  species  in  Mexico,  one  in  (iuatemala  and  four 
in  northern  South  America.  Banks  recorde<l  the  genus  from  Haiti  on 
the  basis  of  an  immature  specimen  which  could  not  be  placed  in  a  given 
s])ccies.  He  also  described  rubanvs  from  Cayanuis,  Cuba.  The  remain- 
ing species  is  sropariiis  Simon,  which  is  recorded  only  from  St.  Vincent 
but  which  we  took  near  Arecibo,  P(^rto  l?ico,  and  on  Desecheo.  In  both 
these  places  it  was  among  shrubs  and  low  trees.  This  genus  belongs  to 
a  subfamily  which  contains  but  one  other  genus  {Ufiptiofps)  and  it  is 
northern  in  its  distribution,  being  kn«)wn  only  in  Europe  and  America 
north  of  Mexico  except,  possibly,  for  one  species  from  Ceylon. 

D1CTYNID.E 

This  family  is  represented  by  about  a  hundred  species  on  the  American 
mainland  but  seems  not  to  have  been  reported  from  the  West  Indies. 
We  took  an  undetermined  species  of  Dictyna  at  Guane,  Cuba.  This 
genus  is  found  in  Europe  and  the  Mediterranean  region,  northern  and 
central  Asia,  Japan,  the  Philippines  and  from  the  extreme  northern  to 
the  extreme  southern  parts  of  America.  In  America  it  is  rather  northern 
in  its  distribution,  twenty-two  species  being  known  north  of  Mexico  as 
compared  with  thirteen  in  South  America. 

(EC0BIID.=E 

This  family  contains  but  one  genus,  (Ecobius.  It  is  known  from  the 
Azores,  Canaries,  the  Mediterranean  region,  Arabia,  Japan,  New  Cale- 
donia and  America.  Three  of  the  five  American  species  are  apparently 
confined  to  South  America ;  one  to  Florida ;  and  the  fifth,  parietalis 
(Hentz),  is  recorded  by  Petrunkevitch  from  Massachusetts,  Florida, 
t  Alabama  and  Lower  California.  Simon  makes  this  species  a  synonym 
of  naviLS  Bl.  and  records  it  from  the  Atlantic  islands,  Japan,  New  Cale- 
donia, Venezuela,  southern  United  States  and  the  Antilles.  I  do  not 
know  the  basis  of  the  last  localitv.  He  savs  it  is  undoubtedlv  carried 
by  commerce.    We  took  it  under  the  loose  bark  of  a  stump  on  the  coastal 
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flats  of  Moua.     In  the  United  States  it  lives  in  crevices  of  walls,  espe- 
cially those  of  buildings. 

FlLISTATID^ 


This  family  also  has  but  a  single  genus,  Filistata.  li  is  found  in 
the  Atlantic  islands,  ^lediterranean  region,  Africa,  central  Asia,  Philip- 
pines and  Australia.  In  America  one  species  is  reported  from  the 
(lalapagos  Islands,  one  in  Peru,  one  in  Guatemala,  one  in  Mexico,  and  a 
fifth,  hihernalis  Hentz,  from  fs(mthern  United  States  south  to  Brazil, 
Paraguay  and  Argentina.  TJiis  species  is  known  also  from  JkM-muda ; 
Jamaica:  Havana,  Santiago  de  las  Vegas,  and  Cayamas,  Cuba:  Isle  of 
l*ines;  San  Juan,  Porto  J^ico;  and  St.  Vincent.  We  took  it  at  Banos  San 
Vincente,  Cuba.     It  lives  about  houses  and  under  stones.^ 

'File  families  of  true  spiders  thus  far  considered  are  ])rovided  with 
cribellum  and  calamistnim.     Those  which  follow  lack  these  structures. 

SlCAUllD.Ti: 

This  family  is  also  called  Scytodida.'.  The  six  genera  are  so  distinct 
that  Simon  considers  each  to  be  a  separate  snbfamily. 

Drymusa  has  but  Iwr)  species.  One  is  known  only  from  Cape  of  Good 
Hope  and  the  other,  nithila  Simon  is  reccirded  only  from  St.  Vincent. 
We  found  it  fairlv  abundant  under  i»its  of  wood  and  stone  on  Mona. 

Scytodes  is  distributed  throughout  most  of  the  world  including  Mada- 
gascar and  Polynesia  but  a])parently  not  .\ustralia.  Some  of  the  species, 
normally  living  under  stones  and  logs,  have  taken  to  living  about  build- 
ings and  have  prc>bably  been  transported  by  man.  S.  hajuJa  Simon  is 
recorded  from  Mexico;  f Venezuela;  Havana,  Cuba;  and  St.  Vincent.  8. 
fu^ca  Walckenser  has  been  reported  from  Bermuda;  Mexico  to  f Guiana 
and  Brazil:  Havana  and  Santiago  de  las  Vegas,  Cuba;  Haiti;  a  cave 
near  Pueblo  Viejo,  Porto  Rico;  and  St.  Vincent.  We  found  it  under 
fallen  leaves  in  a  mangrove  swamp  near  Cabanas,  Cuba,  and  under  Ints 
of  wood  on  the  coastal  plains  of  Mona.  S.  lineatipes  Taczanowski  is 
known  from  Mexico,  fnorthern  South  America  and  St.  Vincent.  We  took 
it  in  weedy  vacant  l(>ts  at  Santiago,  Cuba,  where  it  had  ])ro])nblv  boon 
brought  by  commerce.  S,  longipes  Lucas  is  found  on  Bermuda;  Baha- 
mas: f Mexico  to  Brazil  and  Paraguay;  Havana  and  Santiago  de  las 

*  Since  writing:  the  above  I  have  heard  from  Mr.  Banks  that  he  has  seen  F.  iiiftignia 
rambridpe  from  Santiago  de  Cuba.  Cuba.  This  Is  the  species  referred  to  above  as  l)cing 
conrtned  to  Ouateinala.     It  Ik  not  lnclude<l  in  the  discussion  at  the  end  of  this  paper. 
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Vegas.  Cuba:  Haiti;  Lares  and  Lin|uillo,  Porto  liicu:  and  St.  Vincent. 
We  took  it  in  a  liotel  at  ^fayaguez,  Torto  Kico. 

Lkptonktid.e. 

Two  species  of  Ochyrocem  and  one  of  Theolima  have  been  found  on 
8t.  Vinc(»nt  but  no  member  of  tliis  family  is  reported  from  the  Greater 
Antilles.  It  is  worth  noting  that  there  are  only  two  species  in  Theolimn, 
One  is  tonfuuMl  to  caves  in  the  Philippines  (Luzon)  and  the  other  is 
found  under  vegetable  debris  in  St.  Vincent  and  Venezuela. 

OoNorm.K 

'['his  rather  large  family  is  represented  on  St.  Vincent  by  fourteen 
species,  nine  genera,  but  there  are  no  records  from  the  Greater  Antilles. 
It  is  found  throughout  most  of  the  tropical  world  and  invades  the  tem- 
perate regions  to  some  extent.  We  took  a  number  of  unidentified 
Oonopids  at  Bafios  San  Vincente.  Cuba,  by  sifting  leaves  from  the  base 
of  the  cliffs.  Sifting  fallen  leaves  on  the  steep  si<les  of  Desecheo  turned 
up  unidentified  species  of  Djrsderina  and  Opopaea  and  the  same  method 
of  collecting  found  Dijsdenua  sj).  in  a  sea-grape  thicket  at  Dorodo,  near 
San  Juan,  Porto  l^ico.  Both  of  these  genera  have  been  found  in  St. 
Vincent,  as  well  as  in  the  wanner  ])arts  of  the  mainland,  Africa  and  Asia, 
including  the  Philippines. 

Dysdkuid.i-: 

This  family  has  four  small  genera  in  America  of  which  Aliadna  is 
the  largest  and  the  only  one  known  from  the  West  Indies.  This  genus 
is  recorded  from  the  AFediterranean  region,  southern  Africa,  Japan, 
Sumatra,  Australia,  Tasmania,  ^Tassachusetts  to  Uruguay  including  Gala- 
pagos Islands,  and  one  S])ecies  from  St.  Vincent.  A,  birolor  (Hentz), 
which  is  found  in  eastem  United  States  from  Massachusetts  to  Alabama, 
was  taken  by  us  at  Bafios  San  A^incente,  Cuba.  Although  this  species  ia 
largely  a  ^'house  spider"  and.  so,  liable  to  accidental  dispersal  by  man, 
the  fact  that  this  Cuban  locality  is  in  the  interior  and  not  along  ordinary' 
lines  of  travel  makes  it  seem  probable  that  this  species  is  well  established 
in  Cuba.  A.  soUtana  Simon  is  the  speiMcs  which  has  been  recorded  from 
tSt.  Vincent.  We  found  it  under  fallen  leaves  in  a  sea-grape  thicket  on 
Pesccheo. 

Capoxiid.e 

Thtrc  are  only  three  genera  in  this  family.  One  genus  is  represented 
by   a   single  s])ecies  in   South    .Vfrica.     The  other  two  are  exclusivelv 
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American.  Caponina  has  one  species  in  Guatemala,  one  in  Venezuela 
and  one  in  St.  Vincent.  Nops  has  twelve  sjjecies  of  wliich  two  are  con- 
fined to  Lower  California,  one  is  in  Central  America  and  Colombia,  and 
seven  are  known  only  from  South  America.  iV.  gaanahacom  MacLeay 
is  known  from  Central  America,  and  fGuanabacoa  and  Santiago  de  las 
Vegas  in  Cuba.  N,  coccinea  Simon  is  recorded  from  Haiti  and  fSt. 
Vincent. 

DRASSlDJi 

Membei"s  of  this  larofe  familv  usuallv  live  under  stones,  bark,  or  in 
other  crevices.  'J'he  American  species  are,  for  tiie  most  part,  northern. 
It  has  been  split  up  into  subfamilies  and  these  into  groups,  but  it  does 
not  seem  desirable  to  note  tliese  here.  It  should,  however,  be  said  that 
TeminiiLS  insularis  Keys,  which  has  been  considered  a  Drassid,  is  now 
called  Syrisca  l-ei/serllrif/i  Simon  and  classed  among  the  Clubionids. 

Callilepis  is  found  throughout  much  of  the  Old  World.  There  is  one 
species  found  both  in  Europe  and  Canada,  two  (^i  our  Pacific  Coast,  one 
from  Xew  Hampshire  to  Florida,  and  Banks  has  recently  described  ijrisea 
from  a  specimen  which  ]Mr.  l.eng  beat  off  a  pine  tree  on  the  sandy  plain 
south  of  Pifiar  del  Kio,  Cuba. 

Eilica  cincta  Banks  is  known  onlv  bv  the  ori^^inal  material  from 
Havana,  Cuba.  Of  the  other  two  species  of  this  genus,  one  is  found  in 
Florida  and  one  in  Brazil. 

Sergiolus  has  four  species  reported  only  from  Canada  and  the  United 
States  and  one  only  from  St.  Vincent.  We  took  an  immature  specimen 
south  of  Pillar  del  Kio,  Cuba.  As  raricfjafus  (Hentz)  is  fairly  wide- 
ranging  and  occurs  in  Florida,  this  may  be  the  species.  It  should  be 
said  that  the  .sandy  plain  south  of  Pinar  del  Bio  reminds  one  very 
strongly  of  Florida. 

Palpimanid^ 

Of  the  four  American  genera,  three  are  confined  to  South  America 
and  are  each  represented  by  a  single  species.  Otiothops  has  two  species 
in  Venezuela,  one  in  St.  Vincent  and  fraJcl'ena'ri  ^MacLeav  in  Cuba. 
We  took  it  under  fallen  leaves  along  the  base  of  cliffs  at  Bafios  San  Vin- 
cente,  Cuba.  This  genus  belongs  to  the  subfamily  Palpimanina?,  whose 
range  in  the  Old  World  is  Africa  and  southern  Asia. 

Pholcid^ 

These  long-legged  spiders  spin  irregular  webs,  usually  in  dark  places. 
They  are,  for  the  most  part,  southern  in  their  distribution.  All,  except 
an  Arabian  genus,  belong  to  the  subfamily  Pholcinae, 
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Artema  i?  a  gonxis^  well  se]»:n-atc*(l  rrtmi  ihc  rost  of  llie  subfaniily  and 
contains  a  ?mall  mimber  of  widely  distributed,  closely  related  specie?.  It 
is  found  throughout  Africa,  including  Madagascar,  tropical  Asia,  Mala- 
ria. Polynesia,  and  tropical  America.  .1.  afJanla  AValckena^r  is  the  only 
American  species.  It  is  recorded  from  Mexico  to  fBrazil  and  Paraguay; 
Sr.  A'incent ;  and  Utiiado,  Porto  T?ico. 

A  group  of  six  genera  arc  separated  from  the  rest  of  the  subfamily  by 
Simon  under  the  name  Bieeliroscelefe.  Tliey  are  all  confined  to  tropical 
Amciica  except  one  which  is  found  as  far  north  as  the  District  of  Coluni- 
l)ia  and  also  in  India  and  the  Pacific  Islands.  Two  of  these  genera, 
Blechruscelis  and  .l/c^o/rt^'/// //•«,  are  found  in  the  Antilles. 

Blechroscelis  serripes  Sinuai  is  recorded  by  him  from  the  West  Indies 
in  his  Ilisloire  Xaturelle  but  no  definite  locality  is  given.  It  is  ])robably 
a  fiomitia  nnda.  The  other  spi'cies  of  the  jrenus  are  in  Brazil  and 
Colombia. 

Mecolsesthus  signatus  Banks  was  described  from  specimens  taken 
along  a  momitain  stream  in  the  foothills  of  fEl  Duque,  Porto  Rico.  An 
undetermined  specimen  of  the  same  genus  was  fouM<l  on  the  moist  cliffs 
alon^r  the  road  from  Arecibo  to  Ttuado.  Porto  Riro.  'I'he  only  other 
species  in  the  genus  is  known  only  from  Venezuela. 

Modisimus  and  Hedypsilus  form  another  group.  Both  are  tropical 
Ameriran.  Mff(fif<imus  is  known  fiom  'I'exas  to  Costa  Bica  and 
(fjlimni.<  Simon)  from  St.  Vincent,  St.  Thomas,  Santo  Domingo  and 
Jamaica.'     Xo  definite  ty|»e  hu-ality  is  given. 

Physocyclus  globosus  (Taczanowski )  is  notc<l  by  Ranks  from  Santi- 
ago de  la>  A'egas.  Culm.  We  took  it  in  the  same  island  about  plantation 
buildings  at  Cabanas  and  Guantanamo.  It  has  been  recorded  from  south- 
western T'nited  States,  ^lexieo,  Colombia,  f  Guiana  and  St.  Vincent.  The 
genus  is  kTiown  also  from  tropical  Asia  and  Africa. 

Smeringopus  elongatus  (Vinson)  is  found  in  the  tropics  of  both 
hemispheres  but  tlie  only  delinite  record-  from  the  (Greater  Antilles  which 
have  come  to  my  attention  are  Santiago  de  las  Vegas,  Cuba:  and  Haiti. 
B<ah  are  by  lianks  untler  the  name  of  f^ho/ais  tipit/oif/r.^  Koch.  It 
appears  that  no  true  Phoff  u?t^  a  genus  belonging  to  a  different  secticm  rif 
tile  subfamily,  lias  been  reported  from  the  (ireater  Antilles,  but  the  cos- 
mopolitan /'.  phalnntjid'uhs  (V\\v<>\m)  will  undoubtedly  be  found. 
Sinvrhiijopus  is  a  widespread  tro]»i<-al  genus. 


••  Sliin-   w  riling   tin*  alwiv**    I    hnvo   lu»ard   from    Mr.   nank«<   that    he  ha««  seen   It    from 
Havana.  <''nl»a.     If  Is  n<»f  liH'Imled  In  ilu-  <llseuMsIi»n  at  tin*  end  of  this  pAper. 
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Theridiid.e 

The  moml>crs  of  this  hir<jo  1'ainily  spin  inv^nhir  wehs  and  certain  of 
them  are  verv  eommon  about  human  habitations. 

Argyrodes  is  found  tliroughout  the  tropics  and  subtro]Mcs.  We  took 
what  Mr.  Banks  identified  as  .1.  lanatfis  T\eyserlin<r  in  a  narrow  steep 
ravine  near  Bafios  San  Vincente,  Cuba,  and  an  unidentified  s])ecies,  prob- 
ably the  same,  in  a  similar  ravine  near  Merciditas,  a  few  kilometers  far- 
tlier  north.  This  s|)eeies  is  now  considered  to  be  a  synonym  of  cfinrclhitus 
(Hentz)  and  the  range  is  Connecticut  to  f  Alabama,  Venezuela  and  St. 
Vincent.  .1.  nephihv  Taczanowski  is  known  from  soutlieastern  United 
States,  Peru,  Brazil,  f  Guiana,  Haiti  and  Bermuda.  We  found  it  on  both 
^[ona  and  Desecheo.  .1.  trifuherculdfus  Becker  lias  been  recorded  fnnn 
f  Mississippi  and  Haiti. 

Bhomphaea  is  found  throughout  most  of  the  woi-ld's  tn»j)ics  and  sub- 
tropics.  H.  panido.ra  (Taczanowski)  was  described  from  (iuiana  and 
has  been  reported  from  St.  Vincent,  l>ut  not  elsewliere  in  the  Antilles. 
Keyserling  states  that  it  is  probably  only  a  variety  of  fid  ilium  (Hentz) 
which  is  the  only  known  species  in  the  Tnited  Slates  and  extends  from 
New  England  to  Florida. 

Spintharus  contains  but  two  species,  one  confined  to  Brazil  and  one, 
fauidu.^  Hentz,  which  was  descril>ed  fn^m  Alabama  and  is  now  known 
from  all  the  States  to  Peru  and  from  St.  A'incent.  It  is  a  yellow,  red 
and  black  creature  usually  found  on  the  under  side  of  the  leaves  of  small 
bushes  and  should  be  looked  for  in  the  Oreater  Antilles. 

Theridion   is  a  large  irenus  which   is   found  throughout  the  worhl. 

Curiously  enough,   with   the  exce|)tion   of  certain  cosmopolitan  species, 

records  from  the  Greater  Antilles  are  almost  lacking.     We  took  aniiJ- 

fatuitn  Sim(m,  hitherto  only  known  from  St.  Vincent,  by  beating  branches 

in  a  sea-grape  thicket  at  Dorodo,  near  San  Juan,  Porto  iiico,  and  also 

in  a  narrow  ravine  in  the  mountains  north  of  Vinales,  Cuba.     T.  frori' 

(hum   Hentz  is  found  from  Labrador   (specimen   in  our  collection)    to 

Lower  California  and  on  St.  A'incent.     It  will  probably  be  found  in  the 

Greater  Antilles.     We  took  fuosslip'  Simon,  formerly  known  oidy  from 

St.  Vincent,  by  sweeping  the  tall  grass  and  shrubs  on  the  southwest  coast, 

of  DestH'heo.     Among  the  wide  ranging  tropical  and  subtropical  species 

are  rufipes  T^ucas,  siudiosum  Hentz,  iepidmifnum  C.  Koch,  and  vifuper- 

abi'le  Petrunkevitch.     We  have  the  first  two  from  the  Bahamas  but  the 

onlv  record  for  anv  of  them  from  the  Greater  Antilles  is  that  bv  Banks 
•  •  • 

of  aiudhsuui  Hentz  fnmi  Ifaiti.     It  was  described  from  South  Carolina 
and  Alabama  and  is  known  not  only  from  "tro])ical  and  subtropical  Xorth 
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and  Soutli  Amoriia"  but  also  from  Borumda.  Finally,  volalUe  Keyser- 
ling  is  recorded  from  Florida,  f^^^ii^zuela  and  (immature  specimen) 
Culebra  Island,  Porto  Kico.* 

Theridula  is  found  in  the  Mediterranean  region,  Africa,  Aladagascar, 
tropical  and  eastern  Asia,  Japan,  Philippines  and  in  America  from  Lab- 
rador {opulenia  in  our  collection)  to  Peru  and  Brazil.  Simon  gives  the 
distribution  of  opulenia  Hentz  as  the  Mediterranean  region,  western 
Africa  and  the  Transvaal,  Madagascar,  Ceylon,  the  Antilles  and  North 
America.  It  was  described  from  Georgia.  There  are  a  number  of 
synonyms  which  extend  its  distribution  to  Peru  and  complicate  matters. 
Banks  reported  it,  under  the  name  of  iriarujularis  Keyserling  from  Cava- 
mas,  Cul)a,  an<l  from  Haiti.  He  also  reported  sphfvrnla  (Heniz),  ])rob- 
ably  another  synonym,  from  Haiti.  He  identified  the  specimens  which 
we  took  in  Cuba  at  Cabanas,  Cerro  de  Cabras  (near  Piiiar  del  Eio), 
Bafios  San  Vincente,  and  Guane  as  iriaiKjularis,  and  others  which  we  took 
at  Cerro  de  Cabras  as  quadripunctata  Keyserling.  This  latter  is  prob- 
ably also  a  synonym.  Apparently  there  are  no  other  records  for  the 
Greater  Antilles. 

Latrodectus  is  found  tliroughout  most  of  the  tropical  and  sul)tro))ical 
world,  including  Madagascar  and  Australia.  The  species  tend  to  have 
bright  red  markings  and  ^"'have  been  notorious  in  all  ages  and  in  all  re- 
gions of  the  world  where  they  occur  on  account  of  the  reputed  deadly 
nature  of  their  bite''  (Cambridge).  L.  inacians  (Fabricius)  extends  out- 
side even  the  sul)trppics.  being  found  from  New  York  to  Tierra  del  Fuego. 
Cambridge  (Proc.  Zool.  Soc.  London,  April,  1902,  p.  253)  points  out  that 
it  is  hardly  separable  from  IreJecim-fjuttatus,  which  is  found  in-  the 
Canaries,  Madeira  and  the  Mediterranean  region.  The  only  West  Lidian 
record  is  bv  Banks  at  Mava;?uez,  Porto  Kico  and  Cockerell  in  Jamaica. 
We  took  it  at  Cabanas  and  Banos  San  Vincente  in  Cuba.  A.  j/eomeinru,^' 
C.  Koch  is  found  in  Cape  Verde  Islands,  Africa,  Madagascar,  India,  Aus- 
tralia, Bermuda  and  tropical  South  America,  the  type  locality  being  Co- 
lombia. The  only  West  Indian  records  I  have  seen  are  Santiago  de  las 
Vegas  and  Havana,  Cuba. 

Petrunkevitch  gives  the  distribution  of  Teulana  (jrossa  (C.  Koch)  as 
"Mexico,  Guatemala,  Costa  Rica,  West  Indies,  Brazil,  I^ruguay,  Chile, 
Argentina,  Is.  Juan  Fernandez,  (Europe,  Africa).''  I  can  find  no  au- 
thority for  the  West  Indies  and  believe  that  he  mistranslated  Simon's 

•  Sluce  writing  the  alwve  I  have  heard  from  Mr.   BankA  that  he  has  Heeii  Theriilion 
intenuittum    Banks   and   T.   ruflpcH    Ijiicas   from   Havana.   Cnba.      The   former   is  known 
elsewhere  only  In  Florida,  but  the  latter  is  a  cosmotroplcal  8i>ocles.     They  are  not  in 
cludtMl  In  the  dls«Missli>n  at  the  end  of  this  paper. 
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"les  lies  (le  rAtlanti(|iio/'  although  there  is  no  reason  for  not  expecting 
it  in  the  West  Indies. 

Lithyphantes  is  a  cosmopolitan  genus  which  has  been  recorded  on  the 
American  mainland  from  Canada  to  Patagonia,  but  not  from  the  An- 
tilles. We  took  septemmaculatus  Keyserling  in  Cuba  in  a  mangrove 
swamp  near  Cabanas  and  in  a  flower  garden  at  Banos  San  Vincente  in 
the  mountains.  The  localities  given  in  the  original  description  are  stated 
as  follows :  "Herr  Marx  fing  dieses  Thier  im  Juli  bei  Denver  in  Colum- 
bia und  im  December  bei  Enterprise  in  Florida."  Doubtless  Denver, 
Colorado,  was  intended.    It  is  also  recorded  from  Curasao. 

Mysmena  is  known  from  France,  northern  Africa,  Covlon,  Pliilippines 
and  Ujiited  States  (two  species,  both  in  Florida,  one  of  them  being 
kno\ni  also  from  the  District  of  Columbia).  We  got  several  young  speci- 
mens of  the  genus  from  the  fallen  leaves  at  the  ])ase  of  the  cliffs  at  Baiios 
San  Viiicente,  near  Vifiales,  Cu])a. 

Theridionexus  cavernicolus  Pctninkcviti'li  is  the  only  species  in  its 
genus  and  is  known  only  from  the  Peru  Cave  in  Jamaica.  Although  he 
places  this  creature  among  the  Theridiida?.  Petrunkevitch  says:  "Its  gen- 
eral appearance,  the  long  front  legs  and  the  globose  abdomen,  and  most 
of  all  tlie  presence  of  a  well  developed  tarsal  comb,  speak  for  its  close  re- 
lation to  the  familv  Theridiid^e.  On  the  other  hand,  the  structure  of  the 
mandibles,  the  sliape  of  the  cephalothorax,  and  especially  tlie  presence  of 
a  tibial  apophysis  in  the  male  palpus,  are  characters  which  are  found  only 
in  the  Argiopida\  It  is,  therefore,  im]>ossible  to  place  the  genus  Theri- 
dionexus with  suflk'ient  reason  in  either  of  these  families;  it  forms  a  new, 
intermediate  group."  From  tlie  standpoint  of  phylogeny,  perhaps  one 
might  say  it  belongs  to  an  old  intermediate  group,  and  if  this  be  true  its 
discoverv  in  a  cave  in  the  mountains  of  Jamaica  has  an  added  interest. 

LiNYPITIID.E 

The  distribution  in  America  of  this  family  is  interesting.  For  the 
most  part  it  is  northern,  but  it  has  a  number  of  representatives  in  south- 
ern South  America  and  very  few  betw^een.  In  addition  to  certain  genera 
found  only  in  Greenland  or  the  extreme  northern  pait  of  the  benn'sjihere 
and  others  found  only  in  southern  Patagonia  or  Tieria  del  Fuego,  there 
arc  others  such  as  (ionntinm  and  GonfjylidieUum  which  are  found  at  both 
extremes  but  n(»t  between.  This  discontinuous  distribution  may  be  due 
to  faulty  taxonomy  or  there  may  be  natural  causes  for  it.  It  is,  however, 
not  unknown  in  other  organisms  (►r  even  in  other  groups  of  spiders.  This 
family  is  sometimes  considered  to  be  a  subfamily  of  Argiopidie. 
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Bathyphantes  is  known  from  Europe,  Asia,  Australia  and  New  Zea- 
land, as  well  as  from  America.  Of  the  forty  American  species,  thirty-one 
are  not  recorded  south  of  the  United  States,  four  are  more  southern  but 
not  known  south  of  Guatemala,  and  four  are  from  the  extreme  southern 
part  of  South  America.  The  final  one  is  the  recently  described  semi- 
cincta  Banks,  collected  by  us  in  a  flower  garden  at  Banos  San  Vincente, 
near  Yinales,  Cuba. 

Ceratinella  is  a  paljearetic  genus  which  has  one  species  in  this  hemi- 
sphere. This  species,  hrunnea  Emerton,  is  found  from  Labrador  (speci- 
men in  our  collection)  to  New  York.  We  also  have  a  specimen  of  the 
genus,  species  imdetermined,  from  the  pine-palmetto  plains  south  of 
Piiiar  del  Eio,  Cuba. 

Ceratinopsis  is  an  American  genus 'with  twenty-three  species  of  which 
eleven  are  not  recorded  south  of  the  United  States  (except,  now,  see 
anglicana) ;  three  from  Mexico  or  Central  America;  and  of  the  nine 
South  American  ones  about  half  are  confined  to  the  southern  part  of  that 
continent,  three  of  tliem  being  known  only  from  the  region  of  Tierra  del 
Fuego.  We  took  anglicana  (Hent^)  by  beating  oak  branches  in  a  dense 
thicket  at  about  125  meters  elevation  on  Cerro  de  Cabras,  near  Pinar  del 
Rio,  Cuba.  We  also  took  the  genus,  species  undetermined,  in  a  ravine  at 
an  elevation  of  about  300  meters  near  Banos  San  Vincente,  Cuba.  There 
are  no  other  records  for  the  genus  in  the  West  Indies. 

Linyphia  is  another  genus  whieli  extends  from  tlie  nortliem  to  the 
southern  extremes  of  this  hemisphere,  in  fact  it  is  nearly  world  wide  in 
its  distribution,  but  it  is  rather  better  developed  in  the  tropics  than  some 
of  its  relatives.  The  only  West  Indian  species  is  coccinea  Hentz,  which 
is  found  in  f  Florida  and  Haiti. 

Microneta  lias  a  wide  distribution,  especially  in  temperate  regions. 
In  America  there  are  twenty-one  species  confined  to  northern  United 
States  and  Canada;  one  to  Mexico;  one  {varia  Simon)  to  St.  Vincent; 
and  one  to  Brazil.  If  the  last  two  are  correctly  placed,  the  genus  is 
likelv  to  be  found  in  the  Greater  Antilles. 

Argiopid^ 

This  large  family  which  includes  the  true  orb-weavers  is  imsat  is  factory 
material  for  a  studv  of  distribution  because  of  the  uncertain  limits  of 
some  of  the  genera.  Petrunkevitch  and  others  have  dodged  the  issue  by 
putting  eighteen  of  them  in  the  Cohors  Araneus,  and  I  can  only  do  like- 
wise, putting,  however,  the  probable  generic  name  in  parentheses.  One 
of  the  subfamilies  (Linyphiinse)  into  which  Simon  divides  the  Argio- 
pidsB  has  already  been  considered,  treating  it  as  a  family. 
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TETRAG\A  TUlS.r. 

Cyatholipus  is  a  <rcniis  nvcted  hy  Simon  to  contain  two  of  liis  species 
from  southern  Africa  and  one,  dentipes  Simon,  from  Jamaica.  It  is  so 
distinct  that  Simon  considers  it  to  be  the  representative  of  a  special  grouj) 
of  the  subfamily. 

Tetragnatha  is  an  almost  cosmopolitan  oronns.  Tlie  known  distribu- 
tion of  (ininhttin  Simon  is  Mexico,  Tentnil  America.  Porto  Kico  (Lares), 
and  St.  Vincent.  7'.  chnufnla  Walckena-r  may  be  l<.nnd  in  the  (Greater 
Antilles  as,  alihoii<rb  it  is  a  s])e<'ies  of  (^inada  and  United  Stales.  Walcke- 
na*r  has  i(»corded  it  from  (Juadelonpe.  It  occurs  near  streams  and 
usually  ban^s  its  web  partly,  at  least,  over  tbe  water.  T.  lahoriosa  Hent'/. 
lias  betMi  recordf'd  from  Alaska,  nuicb  of  the  Tnited  States  and  Porto 
Kico  (I'tiiado).  Mr.  Hanks  writes  me  that  be  has  seen  a  specimen  from 
Havana.  7'.  jiisaihnHi  Simon  bas  been  reported  only  from  St.  Vincent 
but  we  found  it  in  Porto  IJico  at  an  altitude  of  about  500  meters  on 
El  Duque  and  also  near  Arecibo.  T.  virirni  Simon  is  recorded  from  f  St. 
Vincent  and  Porto  Rico  (San  Juan).  Banks  records  the  oronus  from 
Haiti  on  tbe  basis  of  immature  specimens  and  we  have  a  ntimber  of  su<*h 
specimens  from  the  ed^^e  of  a  mant^^rovi^  swamp  near  Cabanas,  Cid)a. 
See  also  the  discussion  of  Ku*rnatba. 

Eugnatha  is  pr(>bably  not  more  than  a  subtj:enus  of  Tetraf/nalha  but, 
followin^^  Banks  and  Petrunkevitch.  it  will  be  separately  considered. 
There  is  one  species  apparently  confined  to  Mexico  and  one  to  northern 
United  States.  £.  jmlh'srrns  ( F.  r'am'orid^e)  is  recorded  from  fNew 
York,  New  Jersey.  Florida,  Texas,  New  Mexico,  Mexico  and  Cuba  (San- 
tia^ro  de  las  \'e*:as  and  Havana).  E.  t/rfnilis  ('ambrid*re  is  recorded 
from  Mexico,  KJuatemala  and  Bayamon,  Porto  liico.  We  found  it  at 
Naguaba,  San  Juan  and  Maya^tiez  in  Porto  Pico  and  at  Bailos  San  \'in- 
cente  in  (^uba. 

Meta,  as  construed  by  Simon  and  others,  is  a  fairly  large  and  almost 
cosmopolitan  genus.  As  is  pointed  out  below,  Mr.  Banks  considers 
bi(/ihJ)()sa  (Keyserling)  to  be  a  Lcutafif/c  and  be  expressed  his  further 
opinion  that  Mr  In  does  not  occur  in  the  tropics  of  Ameiica  at  least. 

Alcimosphenus  has  two  species:  h  if  ureal  u.'^  IVtrunkevitch  from 
Jamaica:  and  licimis  Simon.  The  latter  is  recorded  from  St.  Vincent; 
Adjuntas,  Porto  Rico:  Haiti  and  tSanto  Domingo;  Santiago  de  las 
Vegas,  C-uba;  and  f  Jamaica.  We  found  it  in  Cuba  at  Cerro  de  Cabras 
and  Bafios  San  Vincente. 

Leucauge,  more  widely  known  as  Artjifro'epeira,  is  a  large  genus  which 
is  generally  distributed  in  the  warmer  parts  of  the  world.     />.  (irfjt/m 
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( Walckeiia^r)  raii^t's  from  California  aud  Florida  to  Brazil  and  is  recorded 
also  from  Cnha  (Havana),  Haiti,  Porto  Kico  (A^uadilla,  Arroyo,  Lares 
and  El  Yunque),  Vieques,  f  Guadeloupe  aud  St.  Vincent.  We  took  it  at 
nearly  all  stations  from  (luane  to  Guantanamo  in  Guba,  at  Hope  (nirdens 
and  Montego  Hay  in  Jamaica,  on  Mona,  and  at  Arecibi)  and  San  J  nan 
in  Porto  Kico.  A.  ref/nj/i  (Simon)  lias  been  recorded  only  from  St.  Vin- 
cent, although  it  is  possible,  as  suggested  to  me  by  Mr.  Banks,  that  Argy- 
ro'epeira  higihhosa  Keysorling,  which  Petrunkevitch  questionably  put  in 
Me  fa,  is  a  synonym.  If  so,  its  range  includes  also  Colombia,  Porto  Iiico 
(Agiiadilla  and  El  Yunquc)  and  Haiti.  In  tliat  case  bif/ihJfosa  is  the 
])rior  name.  We  took  it  in  Porto  Kico  in  tlie  footliills  <d*  El  Diique  near 
XaiTiiabo  and  at  Arecibo,  on  Mona  and  Desecbeo,  and  verv  commonlv 
tbronghout  Gnba.  L.  venusla  ( WalckenaM*)  is  more  generally  known 
as  Argyro'epeira  horiornm  (Hentz)  Emerton.  It  is  fairly  common 
throughout  tbc  I'nited  States  (Georgia  being  tbe  type  locality)  and  south 
to  Colombia.  Its  recorded  insular  distribution  is  Bermuda,  Bahamas, 
Cuba  (Santiago  de  las  Vegas)  and  St.  Vincent.  We  did  not  take  it  in 
Cuba  but  did  on  Mona  and  in  tbe  mountains  soutb  of  Arecibo.  Poito 
Kico.  As  it  is  a  very  striking  *^green  and  silver-white  spider,  tinginl  with 
golden,  and  sometimes  witb  orange-yellow  or  copper- red  spots"  and 
usually  rests  in  a  cons|)icuous  web.  it  is  not  likely  to  be  overlooked. 

Dolichognatha  is  found  in  Ceylon,  west(M*n  Africa  and  (tbe  spwies 
given  bere)  tro|)ical  and  subtroy)ical  America.  It  is  closely  related  to 
Dipliya  which  bas  a  somewbat  similar  distribution:  Soutb  Africa,  Mada- 
gascar,  and  Chile.  D.  iuhercuJafa  (Keyscrling)  has  been  found  in  t Flor- 
ida, Mexico,  Costa  Rica,  Venezuela  and  St.  Vincent.  It  will  probably 
be  found  in  tbe  (Greater  .Vntilles. 

NEPHILIXJE 

Nephila  is  found  tbrougbout  mucb  of  tbe  warmer  ])arts  of  tbe  world 
but  seems  to  be  rare  in  tbe  West  Indies,  rlaripes'  (Linna»us)  being  the 
only  species  recorded,  although  it  has  gone  under  a  number  of  names,  of 
wbicb  H'ilderi.  uiMariona  and  (onroUn\  all  by  McCook,  should  be  men- 
tioned. Its  known  range  is  from  southern  United  States  to  Peru  and 
Brazil,  Bermuda,  Bahamas,  f  Jamaica,  Santo  Domingo  and  Porto  Rico 
(Aguadillo).  AVe  took  an  immature  Nephila  at  Cabanas,  Cuba,  and  as 
^[r.  Banks  bas  seen  a  specimen  of  clnvipes  from  Havana  our  specimen 
doubtless  belongs  to  tbis  species.  We  have  a  number  of  adults  from 
^lona. 
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AROIOPINJE 

Argiope  is  found  in  the  warmer  parts  of  the  world,  less  frequeutly 
in  the  temperate.  Three  {auranfin  and  the  two  mentioned  here)  of  the 
eiglit  American  species  are  wide  ranging  but  the  others  are  more  re- 
stricted. A,  argentata  (Fabricius)  is  said  to  be  found  from  southern 
United  States  to  Patagonia,  including  all  the  islands.  Among  the  hitter 
are  St.  Vincent,  Martinique,  Culebra,  Porto  Rico  (San  Juan,  Utuado 
and  Aguadilla),  Santo  Domingo  and  Isle  of  Pines.  We  also  have  it 
from  several  stations  in  Jamaica.  --1.  trifasciaia  (Forskal)  is  almost  cos- 
mopolitan. Combining  the  rec^ords  of  Banks  (fastuosa  Olivier)  and  our 
captures,  it  is  safe  to  say  that  it  is  found  throughout  Cuba  and  Banks 
had  it  from  San  Juan,  Porto  Rico,  hut  T  know  of  no  other  definite  rec- 
ords from  the  Antilles.  We  have  a  number  of  undetermined  specimens 
of  the  genus  from  Mona,  Desei^lico  and  I'orto  Pico  (San  Juan  and 
Arecibo)  which  may  be  one,  or  hotli,  of  these  species.' 

Qea  is  known  from  West  Africa,  tropical  Asia,  East  Indies,  Polynesia, 
.Australia  and.  by  two  species,  .\nierica.  One  of  these  is  reported  only 
from  Mexico.  The  other,  heptaijon  (Hentz)  has  been  fomid  in  fsouth- 
eastern  United  States  as  far  north  as  the  District  of  Columbia,  in  Guate- 
mala, Brazil  and  Cuba  (Havana).  We  took  it  in  Cuba  at  Pifiar  del  Pio 
and  Banos  San  Vincente. 

Oyrtophora  is  found  througliout  the  tropical  and  subtropical  world. 
It  has  three  species  in  mnthern  South  America;  one  in  California:  and 
one,  sellata  Simon,  in  Santo  Domin^^o. 

Gyclosa  has  a  world-wide  distril)ution.  C.  faroH  (Hentz)  is  found 
from  southern  United  States  (f  Alabama)  to  Venezuela;  also  in  St.  Vin- 
cent and  at  Havana,  Cuba.  C.  o(  ulatd  (Walckena^r)  was  described  from 
Europe  (France  and  Italy)  but  Simon  says  it  is  probably  of  American 
origin  and  introduced  to  Europe  where  it  is  rare  and  localized.  The 
American  localities  given  by  him  are  Venezuela  and  "Antilles."  It  would 
be  interesting  to  know  which  of  the  Antilles  are  concerned  and  how 
abimdant  and  widespread  the  species  is  in  this  hemisphere.  The  re- 
corded distribution  of  C.  wahkenofri  (Cambridge)  is  California,  ^lexico 
to  t Colombia,  Brazil,  Cuba  (Santiago  de  las  Vegas)  and  Haiti.  We 
took  it  in  Cul)a  also  at  Cerro  de  Cabras  near  Pinar  del  Pio. 

Edricus  is  an  American  genus  with  a  range  from  Mexico  to  Peru  and 
Brazil.  We  took  crassicauda  (Keyserling)  in  the  mountains  about  mid- 
way between  Arecibo  and  Utuado,  Porto  Pico.  I'his  species  is  found  on 
the  mainland  from  Mexico  to  f  Colombia. 

Mangora  has  a  wide  distribution  but  has  not  been  i*enorted  from 
Africa,  ^fadagascar,  the  Pacific   Islands  or  .Vu-^tralia.     Neither  has   it 
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previously  been  reported  from  the  West  Indies  altliough  it  is  known  to 
extend  from  northern  United  States  to  Brazil.  We  took  a  common 
United  States  species,  pJacida  (Hentz),  in  the  Cerro  de  Cabras  near 
Pinar  del  Rio,  Cuba.  This  is  not  a  species  which  would  be  likely  to  be 
carried  by  commerce,  and  although  the  United  States  Army  operated  to 
some  extent  in  these  hills  it  is  not  probable  that  this  is  a  human  intro- 
duction. If  it  were  we  would  have  expected  to  find  the  species  nearer 
the  regular  lines  of  traffic.     Alabama  is  the  t}^pe  locality. 

Acacesia  foliata  (Hentz)  is  the  only  species  in  the  genus  as  construed 
by  Petrunkevitch.  It  is  recorded  from  New^  England  to  Panama  and 
from  Haiti.     It  was  described  from  Alabama. 

Eustala  is  a  fairly  large  American  genus,  chiefly  found  in  Central 
America  but  ranging  throughout  most  of  the  mainland  south  of  Canada. 
E,  anastera  (W'alckenaer)  has  many  synonyms,  the  most  common  of  w^hich 
is  Epeira  prompta.  Jt  was  described  from  Georgia  and  its  distribution 
includes  most  of  the  United  States  and  southw^ard  to  Costa  Rica  and  the 
Galapagos;  Cuba  (Cayamas  and  Havana  according  to  Banks  and  Guane, 
Piiiar  del  Rio,  Banos  San  Vincente  and  Santiago  in  our  collection),  Haiti, 
Porto  Rico  (2800  feet  altitude  on  El  Yunque  according  to  Banks  and 
Arecibo  in  our  collection)  and  St.  Vincent.  The  variety,  or  separate 
species,  conchlea  (McCook)  is  known  from  f  California,  f Florida  and 
Utuado,  Porto  Rico.  The  recorded  distribution  of  E.  fuscoviitata  (Key- 
serling)  is  Mexico  to  Paraguay,  Guatemala  being  the  t^^pe  locality,  Cuba, 
Porto  Rico  and  St.  Vincent.  AVe  found  it  in  nearly  all  parts  of  Cuba 
and  Porto  Rico  which  we  visited  but  not  on  Mona  or  Desecheo. 

Drexelia  is  probably  a  synonym  of  Larinia,  a  genus  found  throughout 
most  of  the  subtropical,  and,  more  rarely,  tropical  world.  As  limited 
here  (following  McCook,  Cambridge  and  Petrunkevitch)  there  are  two 
species  in  America:  one  in  Mexico,  and  one,  direrta  (Hentz),  recorded 
from  t  southeastern  United  States  to  Panama  and  at  Havana,  Cuba.  We 
took  it  in  several  places  on  the  plain  south  of  Pinar  del  Rio,  Cuba. 

.  Cohors  Araneus.  As  was  stated  above,  this  group  includes  a  number 
of  genera  whose  limits  have  not  been  clearly  defined. 

A.  (Neoscona)  arabesca  (\Valckenaer)  is  found  on  the  mainland  from 
Labrador  to  Mexico  and  also  on  Curasao.  We  took  it  in  western  Cuba 
at  Pinar  del  Rio  and  Guane  by  sweeping  in  meadow  land.  It  was  de- 
scribed from  the  Carolinas. 

A.  (Verrucosa)  arenatus  (W^alckenaer)  was  described  from  Georgia 
and  is  known  from  New  Jersey  west  to  California  and  south  to  Panama. 
McCook  says:  "I  have  specimens  collected  by  the  late  Mr.  W.  H.  Gabb 
from  San  Domingo  varying  in  but  slight  particulars  froui  those  al)ove 
described." 
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A.  (Eriophora)  balaustinus  MeCook  is  recorded  from  f  Florida  to 
Lower  (California  and  Mexico;  San  Juan,  Toito  Rico;  Haiti  and  Santo 
Domingo;  Cayamas  and  Havana,  ('ul)a;  Jamaica;  and  Swan  Island. 
The  latter  island,  lying  between  Cuba  or  Jamaica  and  Central  America, 
is  a  very  interesting  locality.  It  is  to  be  regretted  that  we  know  so  little 
of  its  fauna.  We  took  this  species  on  Mona  and  in  a  rotten  banana  trunk 
near  Arecibo,  I'orto  Hico. 

A.  (Neoscona)  benjaminus  (WalckenaM).  T^abrador  (in  our  colleo- 
lion)  to  (luiana  and  in  Martini<jue.  It  is  probably  in  the  Greater 
Antilles. 

A.  (Epeira)  bispinosus  (Keyserling)  is  recorded  from  fCalifornia, 
Arizona,  Panama  and  Haiti. 

A.  (Singa)  crewii  (Banks),    f  Haiti. 

A.  (Singa)  cubana  (Banks).  The  lypc  locality  is  Havana,  Cuba. 
\V(»  took  it  on  llic  same  island  at  l*inar  <iel  Rio  and  Hanos  San  \'incente 
by  sweeping  the  grass  at  the  viU^i*  of  water. 

A.  (Neoscona?)  granadensis  (Keyserling)  is  reconU'd  from  fColombia 
and  the  Luquillo.  Porio  l\*ico.  In  gi\ing  the  latter  record.  Banks  remarks 
that  it  is  close  lo  Iririftnln  Kcy.verling  wjiicji  is  here  considered  to  be  a 
synonym  of  nmhcsra. 

A.  (Epeira)  gundlachi  (  P>anks)  was  drstrlbed  from  a  s))ecimcn  taken 
by  us  on  tile  sandy  j)lain  nbout  IV  kil<Hneteis  south  of  Pinar  dcd  Rio, 
(!uba. 

A.  (Epeira)  incertus  (('anii)ridgc).  <lcs(iilM'd  from  Costa  Rica,  has 
hitherto  been  known  onlv  from  M(*xico  and  Central  America.  We  «rot  it 
in  (,'uba  at  Cal)anas  and  Ksperaiizia  on  the  e<lgc  of  mangrove  swamj)s,  in 
the  mountains  north  of  X'inales  on  oaks,  and  south  of  Pifiar  del  Rio  on 
the;  palmettoes  of  the  dry  sandy  plains.  A  species  so  catholic  in  its  eco- 
logical tastes  is  doubtless  more  widely  distributed  than  these  records  show. 

A.  (Metepeira)  labyrintheus  (Hentz)  is  said  to  occur  "from  Labra- 
dor to  Patagcmia,  including  all  the  islands.''  The  only  definite  Antillean 
records  1  have  seen  are  Barbados;  St.  A'ineent ;  Culebra  and  Vieques; 
Aguadilla,  Porto  Rir-o;  an<l  Havana,  Cuba.  We  took  it  at  Mayague/, 
Porto  Rico,  and  on  Desecheo.     Its  type  hjcality  is  North  Carolina. 

A.  (Verrucosa)  mexicanus  (Lucas)  of  which  uuthrimrtuiolatu  Cam- 
brid<;e  is  considered  to  be  a  svnonvm  is  known  from  Panama,  (^>sta  Rica* 
f Guatemala,  Mexico  and  Santo  Domingo. 

A.  (Neoscona)  nauticus  (  L.  Koch)  was  de^ciibed  from  Africa.  It 
is  said  to  be  found  throughout  the  worhPs  tropics  and  also  in  New  Hamp- 
shire and  Tennessi'c.  Its  only  Antillean  records  are  St.  Vincent  and 
Haiti. 
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A.  (Neoscona)  neotheis  Petrunkevitch  is  a  name  ])r()|i()sed  foi*  thmsii 
of  Keyserling  and  McCook  but  not  iheis  of  Walckcnair  which  is  a  Poly- 
nesian species.  If  this  synonymy  be  followed,  the  known  distribution  is 
California,  Mexico,  Guatemala  and  probably  the  following  Antillean  lo- 
calities,— Culebra;  El  Yunque,  Bayamon,  Aguadilla  and  Mayaguez, 
Porto  Rico;  and  Haiti.  In  giving  the  Porto  Kican  records  j^anks  says 
that  ^^[theisii]  is  smaller  and  more  slender  than  E.  oojracensis  Keyser- 
ling, and  I  think  different,  altliough  small  specimens  of  the  latter  look 
much  like  large  specimens  of  tlie  former.'*    See  the  next  species. 

A.  (Neoscona)  oaxacensis  (Keyserling)  is,  as  is  inditaled  abnvo.  eon- 
fused  with  neotheis.  Petrunkevitch  gives  its  distribution  as  Pacific  Coast 
of  United  States,  f  Mexico,  Panama  and  St.  Vincent.  Banks  recorded  it 
trom  Santiago  de  las  \'egas.  Heriadiira  and  Havana  in  Cuba  but  made 
theisii  Keyserling  a  synonym.  Specimens  taken  by  us  at  Cabanas  and 
l*inar  del  Kio  in  Cuba,  on  Moiia,  and  at  Mayaguez,  Areeibo,  Manati,  San 
Juan  and  Nagual)o  in  Poito  iiico  were  identilied  by  Mr.  Hanks  as  this 
species. 

A.  (Epeira)  pegnia  (\Valcken;er)  is  recorded  from  C(>b)ml)ia,  Costa 
Rica  and  most  of  tlie  United  States.  Mr.  Banks  lias  written  me  that  he 
has  seen  Epeira  (jlohosa  Keyserling,  here  consideriMJ  to  l)e  a  synonym, 
from  Havana,  Cuba. 

A.  perplexus  (WalckenaM-)  \\a>  (les(*ribed  jis  jin  E/icirn  in  1S42  from 
Brazil  and  Santo  Domingo  but  lias,  ap])arently,  not  b^rii  recognized  since. 

A.  (Epeira)  pratensis  (Hontz)  is  nvordcd  fnun  most  of  tlie  I'uited 
States  but  not  elsewhere.  We  took  it  near  Banos  San  Vincente,  Cuba, 
and  Mr.  Banks  informs  me  that  lie  has  seen  it  from  Havana. 

A.  (Epeira)  sericatus  Clonk  a|)i)arenlly  lias  a  mimbcr  of  synonyms. 
Among  them  is  vuhjaris  Hentz,  the  name  which  Mr.  Banks  gave  to  our 
Bpecimens  from  Cabanas,  Pinar  del  Rio  and  Guane,  Cuba,  as  well  as  to 
those  he  had  from  Santiago  de  las  Vegas  and  Havana  in  the  same  island. 
In  all  cases  thev  were  about  bouses  and  mav  have  been  introduced.  The 
only  other  American  records  are  from  the  continent  iiortli  of  Mexico.  It 
is  also  found  in  f  Europe. 

A.  (Marxia)  Stellatus  AValckena*r  was  <lesrril)ed  from  soutlieastern 
United  States  aiul  is  found  from  Labrador  (specimen  in  (mr  collection) 
to  Guatemala.  We  took  it  on  the  plain  ten  kilometers  south  of  Pinar  del 
Rio,  Cuba,  at  the  edge  of  a  swampy  area. 

A.  (Wagneriana)  tauricomis  (Cambridge)  was  (lesiribfd  from  a 
number  of  localities  in  Guatemala  and  Panama.  It  is  nH'orded  also  from 
Colombia,  Mexico,  Louisiana,  Alabama,  Florida,  (Hiba  (Santiago  de  las 
Vegas)   and  Haiti. 
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A.  (Wagneriana)  undecimtuberculatus  (Kevserling)  is  known  from 
t Colombia,  Panama,  Guatemala,  Mexico,  Florida,  Cuba  (Santiago  de  las 
Vegas)  and  Haiti. 

A.  (Eriophora)  variolatiis  (Cambridge)  is  found  in  southern  and 
western  United  States,  Mexico,  f  Guatemala,  Venezuela  and  St.  Vincent. 
It  is  probably  in  the  Greater  Antilles  also. 

A.  (Metazygia)  wittfeldse  (McCook)  is  known  from  f  Florida,  Mexico, 
the  Bahamas  and  Havana,  Cuba.  We  took  it  at  Mayaguez,  Porto  Rico, 
in  a  hotel. 

Gasteracantha  is  widely  distrihuiod  in  the  tropical  and  suhtropiral 
regions  of  the  world.  0.  cancriformis  (Linnaeus)  is  foimd  from  North 
Carolina  and  California  to  rara<ruay;  the  Bahamas:  El  (iuama,  Santiago 
de  las  Vegas  and  Havana,  Cuba  (according  to  Banks  under  the  name  of 
hexacantha  Fabrioius)  ;  Haiti  and  Jamaica.  We  have  it  from  the  Ba- 
hamas, Jamaica,  Mona  and  Banos  San  Vincente  in  Cuba.  G.  hilaris 
Thorell  is  recorded  from  fSt.  Bartholomy,  Porto  Rico  (Aguadillo  and 
Adjuntas),  and  Haiti.  In  Porto  Rico  we  found  the  under  side  of  leaves 
of  youn<x  coco  palms  at  San  Juan  and  also  in  the  mountains  south  of 
Arecibo  festooned  with  its  webs.  Banks  has  referred  0.  ranr<:frinii  Cam- 
bridge to  this  species,  thus  extending  its  range  to  Antiirua  and  Dominica, 
but  Petrunkevitch  does  not  follow  him  in  this.  G.  sspxserrafa  (Walck- 
ena»r)  is  recorded  from  f  Cayenne,  Haiti  and  Porto  Rico  (Bayamon).  I 
took  it  several  years  ago  on  Key  Ijargo,  Florida,  so  it  is  probably  in  Cuba 
also.  G.  tetracanfha  (Linnanis)  is  recorded  from  California  (if  paUirla 
Koch  be  a  synonym),  Haiti.  Culebra,  St.  Thomas.  St.  Vincent,  Guade- 
loupe and  three  of  the  Grenadines.  We  can  now  add  to  this  list  Porto 
Rico  (near  Arecibo)  and  Desecheo. 

Micrathena  is  tlio  Acrosoma  of  authors.  .\s  now  ("instituted  it  con- 
tains more  than  125  species,  all  American,  and  the  great  majority  trop- 
ical. M,  armata  (Olivier)  is  known  only  from  tHispaniola  and  Jamaica. 
M.  cubana  (Banks)  is  recorded  only  from  fSan  Diego  de  los  Banos  and 
possibly  Havana,  Cuba.  We  took  it  in  Cuba  at  Banos  San  Vincente. 
M,  favomaculata  (Keyserling)  is  known  only  from  Haiti ;  and  forcipata 
(Thorell)  only  from  Cuba.  M.  horrida  (Taczanowski )  is  recorded  from 
Mexico,  Peru,  fGuiana,  Brazil  and  Jamaica:  obimpina  (Keyserling) 
from  t Mexico  to  Brazil  and  also  from  Porto  Rico.  Finally,  rufo punctata 
(Butler)  and  sloanei  (Walckena?r)  are  known  only  from  Jamaica.  It  is 
decidedly  curious  that  there  are  no  records  of  the  genus  in  the  Lesser 
Antilles. 

Glyptocranium  is  strictly  an  American  genus.  Tlie  related  Old  World 
genera  are  foimd  in  Australia,  Africa  and  southern  Asia.     It  has  two 
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species  which  are  found  only  north  of  Mexico  (one  ranging  even  to 
Alaska),  two  in  Mexico  and  one,  gastercanthoides  (Nicolet),  in  Brazil, 
f  Chile  and  Jamaica. 

Epecthinula  minutissima  Simon  is  the  only  species  of  its  genus  and 
is  known  only  from  Jamaica.  The  genus  is  related  to  Epecthina,  which 
has  but  a  single  species,  found  only  in  Venezuela.  According  to  Simon, 
there  are  three  other  genera  belonging  to  the  same  group  of  the  Argiop- 
inaj.  One  of  these  is  found  onlv  in  northern  South  America;  one  in 
South  Africa  and  western  Australia ;  and  one  in  Alo^eria,  Xew  Caledonia 
and  northern  South  America. 

MiMETIDiE 

This  is  a  small,  for  the  most  part  tropical,  family  the  members  of 
which  are  usually  found  near  or  on  the  ground  and  make  no  definite  web. 
None  have  heretofore  been  recorded  from  the  West  Indies. 

Mimetus  is  found  in  the  Mediterranean  retjion,  Africa,  India,  New 
Zealand  and  America.  In  the  latter  hemisphere  there  are  nine  species, 
of  which  two  are  recorded  only  from  South  America,  five  from  Mexico 
and  Central  America,  one  from  North  Carolina.  The  remaining  one, 
interfector  Hentz,  ranges  over  much  of  United  States  and  we  took  it  on 
the  sandy  plain  south  of  Pinar  del  Rio,  Cuba.  The  genus  occurs  also  ui 
Porto  Rico,  for  we  took  an  immature  specimen  of  it  near  Arecibo. 

Thomisid.e 

These  arc  called  crab-spiders,  not  only  on  account  of  their -shape  but 
also  because  tliey  usually  walk  sidewisc  or  backward.  They  spin  no 
snares  but  catch  their  prey  either  by  pui-suit  or  In'  lying  in  wait  for  it, 
being  much  favored  with  concealing  colors.  It  is  a  large  family  the 
American  members  being  chiefly  found  in  or  near  the  tropics  although 
it  ranges  from  Greenland  to  Patagonia. 

MI8UMBNINJE 

Misumenops  is  a  split,  possibly  unwarranted,  from  the  cosmopolitan 
Misumena.  to  include  a  number  of  American  species.  M.  americanus 
(Keyserling)  is  recorded  from  United  States,  Guatemala  and  St.  Vin- 
cent. M,  asperaitis  (Hentz)  ranges  from  Canada  to  Costa  Hica  and  is 
known  also  from  Cuba,  Haiti,  Porto  Rico  (Bayamon  an3  El  Yunque) 
and  St.  Vincent.  We  found  it  very  common  throughout  Cuba  and  took 
it  also  on  Mona  and  at  ^layaguez  and  San  Juan,  Porto  Rico.  ^f.  bellnlus 
(Banks)  is  recorded  onlv  from  Florida  but  ^Ir.  Banks  has  written  me 
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that  he  has  it  from  Havana,  Cuba.  M.  leler  (Hentz)  probably  includes 
3/.  spirwsa  Keyserling.  Mr.  Banks  ha«  recorded  spinosa  from  Santiago 
de  las  Vegas  and  Cayamas,  Cuba,  and  has  named  the  specimens  which 
we  took  at  nearly  all  of  our  stopping  places  in  that  island  from  Guane 
to  (luantanamo  spiuom,  wliile  he  named  the  specimens  which  we  took  at 
Mayaguez,  Arecibo,  Manati  and  Xaguabo  in  Porto  Kico  reler.  On  the 
mainland,  celer  is  found  from  Massachusetts  to  Mexico.  The  known  dis- 
tribution of  oblontjus  (Keyserling)  is  from  Massachusetts  to  Illinois  and 
>outh  to  (Jeorgia  and  New  Mexico;  also  in  Cuba  (Santiago  de  las  Vegas). 
M.  viridans  (Banks)  is  recorded  only  from  Florida  but  Mr.  Banks  has  it 
from  Havana,  Cuba.     See  also  the  next  genus. 

Misumessus  echinatus  Banks  was  described  from  material  beaten 
from  oak  trees  on  Cerro  de  Cabras  near  IMnar  del  Kio,  Cuba.  According 
to  tlie  system  followed  here,  it  should  probably  be  piU  under  Misumenoi)s. 

Isaloides  contains  but  two  spt'ciis :  one  fr<»ni  Mexico  and  one,  ions- 
saintii  Banks,  from  f Haiti  and  C^uba.  It  is  closely  related  to  and  con- 
sidered by  Simon  to  Imj  not  nioi-e  than  a  sub-genus  of  Ifedaim.  He  woidd 
also  include  the  South  AmericHU  genera  Dida  and  lu'issus.  ^IMiis  adds 
inteicst  to  the  distribution  data,  one  section  of  the  genus  being  found 
only  in  His|)ani()la  and  South  America  while  the  other  section  is  known 
only  from  Ceylon,  southwestein  Asia,  Philipjjines,  Malasia,  the  Tonga 
Islands,  Australia  and  \ew  Zealand. 

Stephanopsis  is  confined  to  Madagascar,  Malasia,  Nfelanesia,  Poly- 
nesia. Australia  and  Ameiica.  In  America  there  is  one  species  in  Pan- 
ama, eight  in  South  America  (ehietly  Chile)  and  one  in  Tortola  of  the 
Virgin  Islan<ls.  Banks  has  recorded  the  genus  from  Santiago  de  las 
Wgas,  Cuba.  He  states  that  he  had  two  species,  both  represented  only 
by  immatun*  specimens,  and  suggests  that  one  of  them  is  a  young 
ficnldf/fffHi  Keyserling.  This  species  is  now  considered  to  belong  to 
Onftf  (fins.  11ie  species  is  known  from  Panama,  Peru  and  Brazil,  and  as 
OfKHnlns  is  solely  a  South  American  genus  the  interest  in  the  distribu- 
li(>n  of  Sh'phanopsis  is  not  lessened. 

Tobias  is  an  American  genus,  four  species  being  confined  to  northern 
>>outh  America  and  one,  riu/osuji  (Taczanowski),  being  recorded  from 
Brazil,  f Guiana,  Peru,  Central  America  and  Haiti. 

PHILODROMIUJE 

Tibellus  is  widely  distributed  in  the  temj>erate  regions  of  the  world, 
less  so  in  the  warmer  regions.     In  America  there  is  one  species  confined 
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to  each  of  Mexico,  Uiiiaiia  and  l*araguay  while  the  fourth  sj)ecies,  oh- 
longus  (Walekena^r),  occurs  in  f  Europe,  Asia,  Alaska  and  most  of  United 
States.  We  took  the  latter  species  on  the  dry  plain  nine  kilometers  south 
of  Piiiar  del  T?io,  Cuba. 

(■LUBIONID-K 

The  ('lubionids  are  frequently  confused  with  the  Drassids  and  their 
liabits  are  much  the  same.  Thev  make  nests  in  rolled  leaves,  under 
stones,  or  in  rubbish.  The  alphabetical  arrangement  of  ^ijenera  used  by 
Petrunkevitch  is  especially  confusing  in  this  family  as  there  are  very 
distinct  divisions  which  may  be  of  family  rank.  The  arrangement  of 
Simon  will  be  followed  here. 

SELENOPINA^. 

Selenops  is  the  <mly  genus.  It  is  found  throughout  most  of  the 
world's  tropics.  They  are  flat  creatures  which  crawl  under  bark  or  stones 
whence  they  dart  out  for  their  |)rey.  N.  aissus  Walckenjer  is  known  from 
Bahamas,  Tortugas,  Cuba  (Cayauuis  and  Santiago  dc  las  A'cgas)  and 
f Martinique.  We  found  it  hiding  back  of  the  boards  of  a  house  at 
i'abanas,  Cuba.  ^lacTjcay  in  describing  N.  reler  ( \racLea\ )  said  that 
it  is  common  in  Cuba.  We  took  it  north  of  X'ifiales,  Cuba,  on  banana 
trees.  It  is  recorded  onlv  from  this  island  and  Hnen  Avre,  off  the  coast 
of  Venezuela.  S.  insularis  Keyserling  is  known  from  f  Porto  Rico  (San 
Juan,  at  least)  and  Haiti.  We  took  it  on  Dcseclieo  in  a  rotten  log  and 
also  under  fallen  leaves  in  a  sea-grape  thicket. 

sparas^in;e 

Heteropoda  is  also  found  throughout -most  of  the  world's  tropics. 
'J'here  are  only  four  American  sj)ecies :  three  confined  to  South  America 
and  the  eosmo-tro])i(al  rcti/iforin  (Linnjvus).  The  known  West  Indian 
distribution  is  Januiica.  Cuba  (aj)parently  throughout),  Haiti,  Porto 
Pico  (San  Juan)  and  St.  Lucia.     It  is  frequently  brought  north  in  fruit. 

Olios  is  likewise  a  cosnu^-tropical  genus.  0.  a?itujuensi.^  (Keyserling) 
is  known  from  Haiti,  Porto  Rico  (Iltuado),  Culebra  and  f  Antigua.  0. 
bicolor  Ranks  was  described  from  s})ecimens  which  we  took  on  Desecheo, 
Mona,  and  at  San  Turce  near  San  Juan.  Porto  Rico.  0.  mcuuUiinfi 
CBlackwell)  is  reported  from  Brazil  and  the  ^'Antilles.'' 

Pseudosparianthis  is  an  American  genu*  with  one  species  in  ^fexico. 
two  in  Brazil,  one  in  St.  Vincent,  and  one,  nihana  Banks,  in  Cuba 
(fHavana  and  f Santiago  de  las  Vegas). 
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OLUBIOSINjE 

Anjrphsena  in  America  is  largely  northern  but  it  does  extend  even  to 
Patagonia.  It  is  found  also  in  Japan,  the  mountains  of  India  and  the 
western  ^lediterranean  region.  We  took  immature  specimens  of  it  near 
Cabanas,  Pinar  del  Rio  and  Ouantanamo  in  Cuba.  .1.  pcrpusilla  Banks 
is  known  only  from  Santiago  de  las  Vegas,  Cuba.  .1.  striata  Becker  wa.s 
described  from  Mississippi  and  is  elsewhere  known  only  by  Banks's  record, 
under  the  genus  Aysha,  from  Santiago  de  las  Vegas,  Cuba.  He  also 
records  under  the  same  generic  name  .1.  velo.r  Becker  from  Havana,  Cuba. 
It  is  known  also  from  f  Mississippi,  Florida  and  the  Bahamas.  A,  graci- 
lipes  Banks  is  known  only  from  Haiti. 

Aysha  is  a  small  tropical  American  genus  closely  related  to  the  pre- 
ceding one.  Nine  species  are  found  in  the  region  from  (^entral  America 
to  Brazil ;  one  is  confined  to  the  Galapagos  Islands :  two,  fero.v  Simon  and 
ravida  Simon,  are  recorded  only  from  Santo  Domingo:  and,  finallv, 
tenuis  (L.  Koch)  is  known  from  Cuba,  f Haiti,  Santo  Domingo,  Porto 
iiico  (San  Juan),  Culebra  and  St.  Vincent.  We  took  tenuis  on  Desecheo 
and  obtained  immature  specimens  of  the  gemis  on  Mona. 

Chiracanthium  inclusum  (TTentz)  was  re])orted  by  Banks  from  San- 
tiago de  las  Vegas,  Cuba  and  Aguadilla,  Porto  IJico.  We  took  it  at 
Guane  and  at  Guantanamo,  Cuba,  but  not  between  these  two  places.  We 
also  took  it  in  Porto  Rico  near  Quebradillas,  in  tlie  seed  pods  of  C  rot  of  aria 
letnsca  which  had  been  eaten  out  by  Lepitloptcrous  (Utrthcisa)  larva?, 
and  near  Dorodo.  It  has  been  found  in  St.  Vincent.  Haiti,  throughout 
much  of  f United  States  and  in  ^fexico.  The  genus  is  nearly  world-wide 
in  its  range.  • 

Clubiona  is  another  cosmopolitan  genus  but  it  is  more  abundant  in 
temperate  than  in  tropical  regions.  In  .\merica  it  extends  from  Lab- 
rador to  Patagonia.  Its  best  South  American  development  is  in  Chile. 
C.  mariiivia  L.  Kodi  is  reported  from  Santiago  de  las  A'egas,  Cuba,  and 
tSt.  Thomas.  C.  pallens  Hentz  occurs  on  the  Atlantic  Coast  from  Massa- 
chusetts to  f  Alabama,  and  we  found  it  in  a  weedy  meadow  on  Cerro  de 
Cabras,  Pinar  del  Rio,  Cuba. 

Eutichurus  is  reported  only  froui  Central  and  South  America  except 
for  insulamis  Banks,  which  is  in  Cuba,  Haiti  and  f  Bermuda. 

Oxysoma  has  ten  species  in  South  America.  As  they  are  chiefly  in 
the  southern  and  western  part,  it  is  interesting  that  the  eleventh  (cubana 
Banks,  omitted  in  Petrunkevitcirs  catalogue)  should  be  found  in  Cuba. 
It  was  described  from  one  male  from  Havana  and  has  not  been  recorded 
elsewhere. 
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Wnlfila  is  an  American  offshoot  of  Anyphcena,  It  is  known  only  from 
Mexico,  Central  America,  Bahamas  and  West  Indies.  There  is  cue 
species  recorded  only  from  St.  Vincent,  ^y.  immaculata  Banks  was  de- 
scribed from  specimens  collected  by  ns  at  the  edge  of  a  mangrove  swamp 
near  Cabanas,  Cuba; *on  the  dry  coastal  plain  of  Mona;  and  at  an  alti- 
tude of  about  500  meters  on  El  Duque,  near  Naguabo,  Porto  Bico.  W, 
jn-etiom  Banks  was  described  from  a  specimen  which  we  took  in  the  Rio 
Seco  woods  on  the  San  Carlos  Estate  near  Guantanamo,  Cuba.  W. 
parvula  Banks  is  confined  to  Haiti  and  tenuissima  Simon  to  Jamaica. 

CTENINX 

Ctenus  is  a  cosmo-tropical  genus.  America  has  a  large  number  of 
species  but  apparently  none  of  them  live  north  of  southern  United  States 
and  the  Bahamas.  St.  Vincent  and  St.  Lucia  each  have  a  peculiar 
species;  haitiensis  Strand  is  known  only  from  Haiti  and  malvernensis 
Petrunkevitch  only  from  Jamaica.  We  have  the  latter  from  Montego 
Bay,  Jamaica,  and  unidentified  specimens  of  the  genus  from  Cuba  (Banos 
San  Vincente,  Cerro  de  Cabras  and  Guantanamo).  Banks  recorded  an 
immature  Ctenus  which  "looks  very  much  like  Ct.  hibemalis  Hentz" 
from  Santiago  de  las  Vegas,  Cuba.  This  species  is  known  from  Alabama, 
Xew  Mexico,  Mexico  and  the  island  of  Buen  Ayre.  He  also  recorded  a 
female  Ctenus  (Microcieniis)  which  appears  to  be  new  from  a  cave  near 
Pueblo  Vie  jo,  Porto  Kico. 

Cupiennius  is  a  South  and  Central  American  genus  except  for  one 
species  which  comes  as  far  north  as  Florida  and  cuhcB  Strand  which  is 
known  only  from  Cuba. 

It  is  interesting  that,  with  the  exception  of  widely  distributed  Ctenus, 
only  one  genus  of  this  division  (Cteneae)  of  the  Cteninae  is  found  outside 
of  the  middle  portion  of  America.  That  is  UUodon,  which  is  known  only 
from  Madagascar,  Xew  Zealand  and  Australia. 

LIOCRANINJE 

Syrisca  is  found  in  Africa  and  America.  There  is  one  species  in  each 
of  Colorado,  Utah  and  Texas;  two  in  South  America,  and  two  in  the 
Greater  Antilles.  S.  infmlnris  (Lucas)  is  known  onlv  from  Cuba  and 
Jceyserlingi  Simon  (=  Teminius  insularis,  Keyserling)  only  from  f  Haiti 
and  Santiago  de  las  Vegas,  Cuba. 

MIOARIINjE 

Oastaneira  occurs  in  the  western  ^fediterranean  region,  Africa,  central 
Asia  and  America.     It  appears  to  be  better  developed  in  United  States 


•  • 
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and  Mexico  than  it  is  fartlier  south.     The  onlv  West  Indian  record  T 

liave  seen   is   a  species  confined   to   St.   \incent.     We  took   a  common 

United  States  species,  dearnpla   (llentz),  in  a  valh'v  near  Bafios  San 
Vincente,  Cnha. 

corinnisa: 

Corinna  is  known  from  Africa.  troj)ical  Asia,  Malasia  and  America. 
It  is  welldeveloped  in  this  hemisphere  hut,  although  there  are  eight  spe- 
cies in  St.  Vincent  which  are  not  knunvn  elsewliere,  only  two  species  have 
heen  recorded  from  the  remainin*;  Antilles.  C.  gracilipes  (Keyserliug) 
is  known  from  Havana,  Cui)a,  and  from  +Haiti.  (\  humilis  (Keyserling) 
has  heen  recorded  from  Haiti,  Porto  Kico  (liuquillo  and  Hacienda  Es- 
paranza)  and  fSt.  Kitts:  Mr.  Banks  lias  written  me  that  he  has  seen  a 
specimen  from  Havana,  Cnha:  and  wc  have  a  specimen  from  Mayagnez, 
Porto  Rico,  which  is  prohal)ly  this  s})ecies. 

Trachelas  occiii-s  in  tlio  Mcditerrancjin  region,  Africa,  Madagascar, 
India,  Malasia  and  America.  In  this  licmisphere  it  appears  to  be  best 
developed  in  Central  America,  l)ut  hicolor  Keyserling  is  the  only  species 
recorded  from  the  (ireatcr  Antilles.  It  is  known  onlv  from  Cavaraas  and 
Santiago  de  las  Vegas.  Cu))a.  and  from  f  Haiti. 

AiiFAA'lSWA': 

These  are  popularly  called  funnel-wch  spiders  because  many  of  the 
species  spin  flat  webs  which  have  a  funnel-like  passageway  to  their  re- 
treat. In  America  the  family  is  best  developed  in  the  north  and  prob- 
ably next  best  develo])ed  in  the  cxtrenie  south,  being  rather  weak  in  the 
tropics  except  in  the  more  mountainous  regions. 

Hahnia  occurs  in  K\iro})e  and  tiie  Mediterranean  region,  the  moun- 
tains of  India,  Sumatra,  »lapan  and  America.  There  are  seven  species 
not  found  south  of  the  District  of  Columbia,  one  of  them  being  known 
only  from  Greenland  :  two  species  are  in  Patagonia  and  Tierra  del  Fuego; 
and  one,  ernsfi  Simon,  recorded  only  from  St.  Vincent,  but  taken  by  us 
ui  a  rotten  l)anana  stump  at  al)out  oOO  meters  elevation  on  El  Duque, 
near  Naguabo,  Porto  Rico. 

Tegenaria  is  found  througluail  most  of  the  cooler  and,  more  rarely, 
in  the  warmer  portions  of  the  world.  2\  domesiica  (Clerk),  better  known 
as  derhami  (Scopoli),  is  said  to  inhabit  the  dwellings  of  man  in  all  re- 
gions of  the  world,  but  I  know  of  no  definite  record  from  the  .\ntilles. 
T.  insuJaria  Walckena^r  is  known  only  from  Cuba  and  has  not  been  re- 
corded since  its  description. 


•  « •  • 
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The  females  of  these,  like  those  of  the  livcosids,  carry  their  egg  sacs 
about  with  them.  Some  species  also  build  a  "nursery"  for  the  newly 
hatched  young,  but  construct  no  snare. 

Thanatidius  Ims  one  species  in  the  Amazon  re<^i()n.  The  only  other 
one  known  is  dubius  (Hentz),  which  has  been  reported  from  f North 
Carolina,  Alabama,  Florida  and  Cuba  (Havana). 

Thaumasia,  as  now  constituted,  is  found  only  in  the  wanner  parts  of 
America.  T.  marf/ijiella  (C.  Koch)  Simon  is  usually  placed  in  Dolo- 
medes  and  is  recorded  from  Colombia,  Brazil,  Jamaica,  Haiti,  Vieques 
and  possibly  Porto  Eico.  We  found  it  at  Cabanas,  Piiiar  del  Rio  and 
Baiios  San  Vincente,  Cuba.  Mr.  Banks  has  written  me  that  he  has  seen 
it  from  Plavana,  Cuba.  As  he  considers  this  species  to  be  a  Dolomedes, 
it  may  be  that  the  immature  specimens  taken  by  us  at  Piiiar  del  Rio  and 
identified  by  him  as  Dolomedes  belong  to  this  species.  As  now  construed, 
there  are  no  records  for  Dolomedes  in  the  Antilles. 

Lycosid.i: 

The  relatively  poor  development  in  the  Antilles  of  tliis  fairly  large 
family  of  "ground  spiders"  seems  to  accord  with  the  distribution  of 
Coleoptera  (see  Leng  and  Mutchler,  U)14),  among  which  the  ground 
forms  are  more  poorly  represented  than  the  arboreal  ones.  Bates,  in  his 
"Naturalist  on  the  River  Amazons,'*  says:  "It  is  vain  to  look  for  the 
Geodephaga.  or  carnivonms  beetles,  under  stones,  or  anywhere,  indeed,  in 
open,  sunny,  places.  The  terrestrial  forms  of  this  interesting  family, 
which  abound  in  England  and  temperate  countries  generally,  are  scarce 
in  tlie  neighborhood  of  Para — in  fact,  1  met  with  only  four  or  five  spe- 
cies :  on  the  other  hand,  the  purely  arboreal  kinds  were  rather  numerous. 
The  contrary  of  this  happens  in  northern  latitudes,  where  the  great  ma- 
jority of  the  species  and  genera  are  exclusively  terrestrial.  .  .  .  The 
remarkable  scarcity  of  ground  beetles  is  doubtless  attributable  to  the 
number  of  ants  and  Termites  which  people  every  inch  of  surface  in  all 
«hady  places  and  which  would  most  likely  destroy  the  larvji?  of  Coleop- 
tera. These  active  creatures  have  the  same  functions  as  Coleoptera,  and 
thus  render  their  existence  unnecessary.  The  large  proportion  of  climb- 
ing forms  of  carnivorous  beetles  is  an  interesting  fact,  because  it  affords 
another  instance  of  the  arboreal  character  which  animal  forms  tend  to 
assume  in  equinoctial  America,  a  circumstance  which  points  to  the  slow 
adaptation  of  the  Fauna  to  a  forest-cla<l  country,  throughout  an  immense 
lapse  of  geological  time.''    The  last  suggestion,  in  a  modified  form,  seems 
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to  be  important.  It  may  be  that  the  fauna  of  "^equinoctial  America''  is, 
to  a  large  extent,  a  relic  of  past  ages ;  that  it  arose  in  a  forest-clad  earth 
and  has  been  driven  before  the  more  successful  ground-inhabiting  forms, 
not  that  it  has  been  slowly  developing  from  ground-inhabiting  forms  in 
the  region  in  which  it  is  now  found. 

Lycosa  is  a  large  genus  of  world-wide  distribution.  Several  attempts 
have  been  made  to  split  it  up,  with  varying  success.  One  of  these  puts 
cinerea  (Fabricius)  in  the  genus  Ardosa.  This  species  has  been  found 
in  Europe,  throughout  United  States,  in  Mexico  and  at  El  Guam4,  Cuba. 
L.  atlaniica  Marx  was  known  only  from  Bermuda,  but  Mr.  Banks  writes 
that  he  has  seen  it  from  Havana,  Cuba.  L.  aussereri  (Keyserling)  is 
known  from  f Colombia,  Vieques  and  C'ulebra;  L.  haclia  (Keyserling)  from 
Central  America  and  Cuba:  L.  fusca  (Keyserling)  from  Central  Amer- 
ica, Cuba  (Havana,  according  to  a  letter  from  Mr.  Banks)  and  Porto 
Rico  (San  Juan)  ;  L.  punctulata  Hentz,  from  United  States  east  of  the 
Rockies  and,  according  to  a  letter  from  Mr.  Banks,  Havana,  Cuba.  L. 
insulai-is  Lucas  is  known  only  from  Cuba.  We  took  it  there  at  Guane, 
]*inar  do]  Eio,  Baiios  San  A'incente,  Cabanas  and  (Iiiantanaino.  Banks, 
who  now  considers  it  to  be  a  Pardosa,  recorded  it  from  Santiago  de  las 
Vegas. 

Pardosa  is  likewise  of  world-wide  distribution.  In  America  it  is  best 
developed  in  the  north.  There  are  a  few  species  in  South  America,  but 
unless  insularis  be  included  the  only  West  Indian  species  is  portoricensis 
Banks,  which  was  described  from  San  Juan,  Porto  Rico.  We  took  it  in  a 
marsh  at  San  Tureo  near  its  type  locality. 

These  tw^o  genera,  while  much  confused  in  the  literature,  are  place<l  in 
different  divisions  of  the  family  by  Simon.  Both  are  too  generally  dis- 
tribnted  to  be  of  a  great  deal  of  interest  in  a  study  of  distribution. 

OXYOPID^ 

The  members  of  this  family  run  about  the  vegetation  with  great  agility 
in  chase  of  their  prey.  There  are  only  eight  genera,  of  which  six  occur  in 
America.  Of  the  remaining  two,  one  is  confined  to  Madagascar  and  one 
10  India  and  Malasia.  Two  of  the  six  American  genera  have  not  been 
reported  from  the  Antilles ;  one  of  them  has  but  two  species  and  is  con- 
fined to  Brazil,  and  one  has  but  one  species,  being  confined  to  Cayenne, 
as  far  as  is  known. 

Hamataliva  has  a  wide  tropical  and  subtropical  range  but  in  America 
there  are  only  four  species  known:  two  in  Brazil,  one  in  Mexico  and 
fjrisea  Keyserling,  which  is  reported  from  Lower  California,  southern 
United  States,  Cuba  (Santiago  de  las  Vegas)  and  Haiti. 
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Oxyopeidon  is  found  in  tropical  east  Africa,  India,  Indo-China  and 
America.  With  us  it  seems  to  be  confined  to  Mexico  and  Central  America 
(six  species)  except  for  rana  Simon,  whicli  has  been  known  only  from  St. 
Vincent.  We  found  this  species  fairly  abundant  on  low  vegetation  on 
Mona. 

Oxyopas  is  a  nearly  eosmo-tropical  genus  which  extends  into  more 
temperate  regions.  In  America  it  is  best  developed  in  Mexico  and  Cen- 
tral America,  where  there  are  numerous  species.  0.  pallidus  (C.  Koch) 
was  described  from  the  West  Indies,  but  the  only  definite  locality  record 
seems  to  be  in  Walckenaer's  description  of  a  male  from  Cuba.  0,  salticus 
Hentz  is  known  from  New  York  to  fx\labama,  Kansas,  (California  and 
south  to  Bolivia,  also  in  Bermuda,  all  the  Greater  Antilles  and  St.  Vin- 
cent. It  seems  to  be  common  throughout  Cuba.  We  found  it  on  Mona 
and  near  San  Juan,  Porto  Rico.  In  Porto  Rico  it  is  also  reported  from 
El  Yunque  and  Culebra. 

Peucetia  is  also  found  throughout  most  of  the  tropical  and  subtropical 
regions  of  the  world.  P.  poeyi  (Lucas)  is  known  only  from  Cuba,  but 
viridans  (Hentz)  is  distributed  in  America  from  fXorth  Carolina  to  Cali- 
fornia and  south  to  Costa  Rica.  It  is  recorded  from  Cuba  (Santiago  de 
las  Vegas  and  Cayamas),  Haiti  and  Jamaica.  We  have  it  from  Kings- 
ton, Jamaica;  Guane,  Banos  San  Vincente,  Oriente  and  Guantanamo  in 
Cuba;  and  Mayaguez,  Porto  Rico.  It  has,  apparently,  not  been  found  in 
the  Lesser  Antilles. 

Salticid.e 

The  "jumping  spiders''  make  no  snare  but  run  about  freely  on  the 
ground  and  on  the  vegetation  in  pursuit  of  their  prey.  The  family  is 
a  large  one  and  contains  many  species  still  to  be  descril)ed,  while  the 
taxonomy  of  the  known  forms  is  in  a  far  from  satisfactory  shape.  Our 
own  West  Indian  collection  was  in  the  hands  of  Mr.  Peckham  and  only 
])artly  worked  up  when  he  died.  The  following  records,  therefore,  do 
not  entirely  cover  the  material  which  we  have  on  hand. 

Agobaxdus  anormalis  Keyserling  is  the  only  species  in  its  genus. 
Ihe  type  specimens  are  labeled  U.  S.,  but  Petrunkevitch,  following 
Peckham  and  Banks,  states  that  it  is  probably  from  the  West  Indies. 

Bythocrotus  cephalotes  (Simon)  is  not  only  the  only  species  of  the 
genus  but  the  genus  is  the  only  one  in  Bythocroteae,  one  of  Simon's 
divisions  of  the  Salticidae.     It  is  not  known  outside  of  Haiti. 

Compsodecta  is  an  American  genus  with  one  species  in  Guatemala 
and  two,  namely,  albopalpis  (Peckham)  and  grisea  (Peckham),  in 
Jamaica.     The  genus  belongs  to  Simon's  group  Pensacoleae  which  con- 
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tains  l)\it  two  other  geiu*ra,  one  of  which  is  hest  re|>re>iented  in  Brazil 
and  Ecuador  hut  extends  to  Mexico  and  the  other  is  confined  to  tropical 
western  Africa. 

Corythalia  is  a  fairly  large  tropical  American  genus.  Two  species, 
major  (Simon)  and  sellata  (Simon),  are  mentioned  in  Simon's  ^'Histoire 
Naturelle  des  Araignees,''  II,  pages  655  and  649,  in  such  a  way  that 
Petrunkevitch  was  led  to  credit  them  to  the  West  Indies,  ami,  while  this 
seems  to  me  (piestionahle,  1  can  find  no  more  definite  reference.  C. 
meiallua  (Peckham)  is  reported  only  from  St.  Vincent.  Although  it 
does  not  pro])erly  come  within  the  scope  of  this  paper,  it  is  worth  men- 
tioning that  we  have  it  from  Dominica.  ('.  eJemantissima  (Simon)  is 
known  only  from  Santo  Domingo,  and  lorn  pics  (Simon)  from  both  part^ 
of  Ilispaniola. 

Stoidis  is  also  an  American  genus.  It  contains  but  two  species  at 
present  but  si)ecimens  taken  l)y  us  in  Cui)a  were  marked  by  Mr.  Peckham 
as  new  species.  *S'.  an  raid  (Ifentz)  is  known  from  f  South  Carolina  and 
Florida.  Mr.  Banks  luis  infonned  me  that  he  has  seen  it  from  Havana, 
Cuba.  N.  /ff/(/nnr(i  (IVckham)  is  re[)oried  only  from  St.  Vincent  but 
we  took  it  in  an  epiphyte,  Hf/findsin  nfriculafn.  on  ^fona. 

These  tw(>  genera,  ('on/Uuilia  and  SfoiJis,  are  the  only  American  rep- 
resentatives of   SimonV  Zenodorea\     1'he  other   four  irenera   are   from 

« 

Australia  and  the  i*acific  Islands. 

The  Cohors  Dendryphantes  of  Petrunkevitch  includes,  in  addition  to 
some  unplaced  species  which  should  ])robably  be  ]>ut  in  the  genus 
DendnjitJumies.  the  following  genera:  Mrfapliidi/ipu-^,  Para  phi  dip  pus, 
Panuvnus  and  Phidippus.  Although  this  cohors  is  in  large  part  the 
genus  Dvuilniphantes  Koch  as  construed  by  Simon  it  is  not  very  satis- 
factory for  a  study  of  distril)ution.  The  following  list  is  arranged  ac- 
cording to  Petrunkevitch. 

Dendryphantes  armatus  Banks  (omitted  by  Petrunkevitch)  was  de- 
scribed from  Santiago  de  las  Vegas,  Cuba,  and  has  not  been  reported 
since. 

D.  (Phidippus)  audax  (Hentz)  is  known  from  Canada,  throughout 
the  United  States  and  fnun  Santiago  de  las  Vegas,  Cuba. 

D.  (Paraphidippus)  aurantius  (T.ucas)  is  found  from  southern 
T'nited  States  to  Costa  Pica  and  in  Santo  Domingo. 

D.  (Metaphidippus)  capitatus  (Hentz).  Canada  to  ^lexico  and 
Santiago  de  las  Vegas,  Cuba  (in  Panks's  list  under  name  of  ortavun 
Hentz). 

Dendryphantes  mendicus  (C.  Koch)  is  credited  to  "West  Indies" 
but  no  definite  data  is  given. 
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D.  (Phidippus)  miniatus  (Peckliam).  The  known  range  is  Virginia 
to  Texas  and  at  Santiago  de  las  Vegas,  Cuba. 

D.  (Phidippus)  octopunctatus  (Peekbani)  is  reported  only  from 
Missouri  but  I  took  it  in  Dominica,  tlie  identification  being  by  Peckbam. 
It  is,  therefore,  probably  in  the  Greater  Antilles. 

D.  (Metaphidippus)  proximus  Peckham  was  described  from  Cuba. 
Banks  lists  it  from  Santiago  de  las  Vegas  and  we  took  it  at  Santiago  de 
Cuba,  Cristo,  Zaza  del  Media,  Cabaiias,  Cerro  de  Cabras  and  Bafios  San 
Vincente,  Cul)a.     We  have  it  also  from  Kingston,  Jamaica. 

D.  (Metaphidippus)  prudens  Peckham  is  known  only  from  Kingston, 
+Jamaica. 

D.  (Phidippus)  regius  (C.  Koch)  is  known  only  from  Cuba.  Banks 
reports  it  at  Santiago  de  las  A'egas  and  we  took  it  at  Guane,  a  number 
of  places  in  the  vicinity  of  Piiiar  del  Rio,  north  of  Vifiales  (Banos  San 
Vincente  and  ^lerciditas),  Cabaiias  and  Zaza  del  ^fedia.  All  these 
localities  are  in  central  and  western  Cuba. 

D.  (Metaphidippus)  taylori  Peckham  is  known  only  from  Jamaica. 

Evophrj/s  is  found  in  Europe,  Africa,  Japan  and  America.  Tliere  are 
about  fifty  American  species,  the  genus  ranging  from  New  Hampshire 
to  Patagonia.  One  species  is  found  in  St.  Vincent,  another  in  St. 
Thomas;  it  may,  therefore,  be  found  in  the  Greater  Antilles  but  there 
do  not  seem  to  be  anv  records  as  vet.  The  onlv  other  o^enus  of  Evo- 
phrydeje  is  confined  to  Central  America  and  northern  South  America. 

Eustiromastix  has  seven  species;  three  are  confined  to  Brazil,  one  to 
Colombia,  two  to  St.  Vincent  and  hai/liensis  Banks  to  Haiti. 

nasariiLs  adanaoni  (Adouin)  is  found  throughout  much  of  the  world's 
tropics  but  I  know  of  no  West  Indian  records.  It  is  the  only  American 
representative  of  the  genus  with  the  possible  exception  of  bellicosus  Peck- 
ham from  Guatemala. 

Hyctia  is  recorded  only  from  Europe  and  United  States.  One  of  the 
three  American  s])ecies,  pikei  Peckham,  ranges  from  New  England  to 
New  Mexico.  We  took  it  in  Cuba  at  Cabanas,  on  the  plains  south  of 
Pinar  del  Kio,  and  at  Guane.  Mr.  Banks  has  written  me  that  he  has 
seen  it  from  Havana. 

Icius  is  given  by  Simon  as  being  found  in  Europe,  Africa  and  Asia 
but  he  does  not  give  America.  We  have  thirteen  species,  all  found  north 
of  Mexico  except  one  which  is  confined  to  I^'ruguay,  one  to  Florida  and 
the  Bahamas,  and  seperafnj<  Banks  which  is  known  only  from  Haiti. 

Lyssomanes  is  a  large  American  genus  ranging  from  southern  United 
States  to  Brazil.  The  lAssomanea?  includes  seven  genera,  of  which  two 
are  confined  to  America  (the  other  one  being  found  from  Central  America 
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• 
to  Guiana),  two  to  Madajiasicar,  one  to  India  and  Ccvlon,  one  to  the 
Philippines,  and  one  is  found  in  western  Africa,  ^fadagascar,  the  Sey- 
chelles, Ceylon,  Burma  and  Indo-China.  The  grouj)  is  evidently  an  an- 
cient one.  We  have  an  undetermined  specimen  of  Lijssomanes  from  Porto 
Kico.  L.  antillanus  Peckham  is  known  from  both  parts  of  Hispaniola 
and  we  have  it  from  Jamaica  (f^apland).  />.  riridis  (Walckenaer),  the 
most  northern  species  of  the  genus,  is  known  from  f southern  United 
States,  Central  America,  Haiti  and  (by  letter  from  Mr.  Banks)  Havana, 
Cuba. 

Marpissa  occurs  in  Europe,  Asia  including  Japan,  and  America.  On 
the  occidental  mainland  it  ranges  from  northern  United  States  to  Brazil 
but  the  onlv  Antillean  record  is  inrerfa  Koch  from  St.  Thomas. 

Menemerus  bivittatus  (Dufour)  =Tnehnognatha  (Lucas)  is  almost 
cosmopolitan  if  the  synonymy  of  Peckham  and  Petninkevitch  be  ac- 
cepted. Its  only  Antillean  record,  however,  seems  to  be  Santiago  de  las 
Vegas,  Cuba.  We  have  it  from  about  plantation  buildings  at  Cabanas, 
Cuba  and  also  from  Culebra. 

Metacjnrba  is  considered  by  Simon,  but  not  by  Petrunkevitch,  to  be  a 
synonym  of  Fiicnics.  In  any  case  it  is  solely  American,  and  it  lielongs 
to  a  group,  Maniveap,  which  is  known  only  from  America.  The  only 
Antillean  spe^-ies  is  pirfipes  Banks  from  Haiti. 

Mjnrmarachne  is  practically  cosmopolitan.  M,  mclanocephahis  Mac- 
Leav  is  said  bv  Lucas  to  be  from  Cuba  and  Petrunkevitch  so  records  it 
without  further  comment,  but  the  original  description  says  it  "is  a  native 
of  Bengal  and  I  present  a  figure  of  it,  made  by  my  friend  Mr.  C.  Curtis, 
in  order  to  show  the  relation  which  it  bears  to  the  American  subgenus, 
called  J/i/rmf (?'«?«  by  Latreille."  M,  paraUeluH  (Fabricius)  has  only  the 
unsatisfactorv  record  of  "f  Antilles.'' 

Nilacantha  cockerelli  Peckham  is  the  only  species  of  its  genus.  It  is 
found  in  Jamaica  and  Haiti.  The  Thiodina*,  to  which  it  belongs,  is  an 
American  group. 

Peckhamia  has  but  four  species.  Tt  ranges,  on  the  mainland,  from 
Canada  to  Panama.  A  related  genus,  forming  with  it  the  group  Peck- 
hamieje,  is  only  known  from  Brazil.  There  are  no  records  from  the 
West  Indies  except  for  an  immature  specimen  from  Haiti,  but  ^fr.  Banks 
informs  me  that  he  has  seen  a  specimen  of  the  United  States  species, 
P.  picata  (Hentz),  from  Havana  and  we  took  an  immature  specimen  of 
the  genus  at  Cerro  de  Cabras  near  Pinar  del  Bio,  Cuba. 

Pellenes  is  found  in  Europe  and  the  Mediterranean  region,  north- 
eastern Asia  and  America.  In  the  latter  region  there  are  more  than 
fifty  species  but  it  is  not  known  'south  of  Central  America.     There  are 
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but  two  West  Indian  records :  banksi  Peekham  and  translatus  Peckhani, 
both  confined  to  Jamaica.  We  took  specimens  of  the  genus  which  Mr. 
Peekham  marked  as  new  species  at  Cristo  and  Piiiar  del  Rio,  Cuba,  and 
we  also  took  coronatus  (Hentz)  at  Pinar  del  l?io.  This  species  ranges 
from  New  York  to  ^lexico. 

Plezippiis  is  found  throughout  most  of  the  world  but  especially  in 
the  warmer  regions.  P,  paykuUi  (Adouin)  is  a  cosmo-tropical  species 
which  has  been  recorded  from  Santiago  de  las  Vegas  and  Havana,  Cuba ; 
Haiti;  Lares,  Adjuntas,  San  Juan  and  Arecibo,  Porto  Eico,  and  St. 
Vincent.     We  took  it  at  Guane,  Cuba. 

Prostheclina  Kevserlinff  is  considered  bv  Simon  to  be  svnonvmous 
with  Saitis,  This  is  probably  correct  but  as  there  is  some  doubt  they 
will  be  kept  separate  here  except  that,  in  giving  the  general  distribution 
of  Saitis,  Prostheclina  will  be  included.  In  America  Prostheclina  seems 
to  be  limited  to  the  Greater  Antilles.  P.  parvula  Banks  is  known  only 
from  Cayamas,  Cuba.  P,  perplexides  Strand,  venaforia  Peekham,  and 
viaria  Peekham  are  known  only  from  Jamaica  (f  Ipswich,  f  Port  Antonio 
and  fMoneague,  respectively).  P,  inorgani  Peekham  was  described  from 
Kingston,  Jamaica,  and  perplexa  Peekham  from  ^landeville,  Jamaica. 
Both  species  are  reported  also  from  Haiti.  P.  illustris  (C.  Koch)  was 
described  from  Porto  Pico  and  lias  since  been  reported  l)y  Banks  from 
an  altitude  of  2000  feet  on  El  Yunque  in  that  island.  P.  signata  Banks 
is  listed  in  the  original  description  from  Utuado  and  Aguadilla,  Porto 
Rico;  also  from  Culebra.  He  has  since  reported  it  from  Haiti  and  we 
took  it  at  San  Turce  and  Dorodo,  both  near  San  Juan,  and  in  the 
mountains  south  of  Arecibo,  Porto  Rico,  as  well  as  on  Desecheo. 

Saitis,  including. Prostheclina,  is  known  from  southwestern  Europe, 
western  and  southern  Africa,  India,  Malasia,  Polvnesia,  Australia  and 
America.  There  are  three  species  in  South  America ;  the  others  are  from 
the  Greater  Antilles.  Witli  the  exception  of  those  mentioned  under 
Prostheclina,  all  the  known  Antillean  species  are  confined  to  Jamaica, 
namely,  annce  Cockerell,  fKingston;  defloccatus  Peekham,  fKingston, 
and  inutilis  Peekham,  no  definite  localitv  given. 

Synemosyna  is  an  American  genus  which,  with  Simonella  from  the 
American  tropics,  forms  the  group  Synemosynese.  Two  species  of  Syne- 
mosyna are  found  in  Brazil,  one  in  St.  Vincent,  and  the  United  States 
species^  formica  Hentz,  is  listed  from  Cayamas,  Cuba. 

Thiodina  is  an  American  genus  which  ranges  farther  north  than  the 
other  members  of  the  American  group,  Thiodinea>.  T.  sylvana  (Hentz) 
is  known  from  t South  Carolina  to  Panama  and.  under  the  name  of  refia- 
riu8  Hentz,  from  Cayamas,  Cuba. 
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Wala  is  an  American  genus.  U'.  pcik'hauii  (('cK-keivll)  is  known 
from  f  Jamaica  and  Haiti.  We  have  it  from  ^lontego  Bay.  Jamaica,  and 
Baiios  San  Vincente,  Cuba.  IF.  vernalis  (Peekham)  has  been  reported 
from  Santiago  de  las  Vegas,  Cuba ;  Jamaica ;  Haiti ;  San  Juan  and  Agua- 
dilla,  Porto  Kico;  Vieques;  fSt.  Vincent  and  Bermuda.  We  took  it  on 
Mona  and  Desecheo;  and  at  Quebradillas,  Manati,  Dorodo,  San  Turce 
and  Naguabo,  Porto  Eico.  We  also  took  undetermined  specimens  of  the 
«!cniis  in  tlio  vicinity  of  Pifiar  del  Rio,  Vinales,  Cabanas,  Cristo  and 
Guantanamo,  all  in  Cuba. 

Zygoballus  and  a  Brazilian  genus,  together  forming  the  group  Zygo- 
balleae,  are  American.  It  ranges  from  Panama  northward.  The  only 
record  for  the  West  Indies  is  suavis  Peekham  from  Mandeville,  Moneague 
?*nd  Kingston,  f  Jamaica.  We  liavc  it  from  ^fontego  Bay,  Jamaica.  We 
also  have  a  specimen  of  the  genus,  marked  by  Peekham  as  a  new  species, 
from  Cerro  de  Cabras,  near  Pinar  del  Bio,  Cuba. 

DISTBlBrTION  OF  FAMILIES 

There  are  twenty-three  families  of  Araneie  now  known  in  the  Greater 
Antilles.  Five  of  these  (Dictynidje,  GScobiidie,  Oonopidae,  Dysderidaj  and 
Mimetida^)  are  added  by  this  list.  One  family,  Leptonetidap,  has  three 
species,  two  genera,  on  St.  Vincent,  but  it  has  not  yet  been  found  in  the 
Greater  Antilles,  although  it  occurs  on  the  mainland  from  California  to 
Brazil.  It  is  placed  by  Simon  between  the  Sicariidfe  and  Oonopidae.  It& 
species  are  small,  long-legged  creatures  for  the  most  part  cavernicolous, 
and  should  be  looked  for  in  the  Greater  Antilles.  It  is  fairly  widespread 
but  is  not  yet  known  from  southern  Africa,  Madagascar,  Australia  or  tho 
southern  Pacific  Islands. 

There  are  eleven  small  families  which  are  found  on  the  mainland  but 
have  not,  as  yet,  ])een  reported  from  any  of  the  Antilles.  The  Atypid» 
(p.  77)  and  HypochilidaB  (p.  77)  have  already  been  mentioned.  Zo- 
dariidffi  is  a  large  and  widely  distributed  family  which  will  probably  be 
found  in  the  West  Indies.  Senoculidae  are  rimning  spiders  found  only 
on  the  American  mainland  from  Mexico  throughout  most  of  South  Amer- 
ica. The  ArchaBidae  are  interesting.  There  are  three  species  of  the  type 
genus,  Archwa,  known  from  Baltic  Amber  but  only  one  living  species. 
This  species  is  known  only  from  Madagascar.  The  only  other  genus  in 
the  family  is  known  by  two  species  from  Patagonia.  The  family  Pla- 
toridae  has  also  an  interesting  distribution, — two  genera  in  South  Amer- 
ica and  one  in  China.  The  remaining  six  families  (Zoropsida^,  Psech- 
ridae,  Eresidae,  Prodidomidae,  Zodariidae  and  Hersiliidae)  have  a  wider 
distribution  in  the  Old  World. 
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Of  the  Antillean  families,  all  are  found  from  north  of  Mexico  to  South 
America  except  Palpimanidae,  which  in  America  is  known  only  from 
South  America,  St.  A^incent  and  Cuba,  and  Capon iida?,  which  in  America 
is  known  only  from'  Brazil  to  Mexico,  St.  Vincent,  Hispaniola  and  Cuba 
(elsewhere  only  in  South  Africa).  Table  I  summarizes  the  Antillean 
distribution  of  those  families  which  are  known  from  the  Greater  Antilles. 

Table  I. — AvtUlcan  diHtribution  of  fattiiHcs  of  spiders 
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It  should  be  remembered  that  throughout  this  paper  Lesser  Antilles 
means  little  else  than  St.  Vincent,  since  it  is  the  only  one  of  these  islands 
which  has  been  carefully  studied.  The  need  of  work  in  Hispaniola  is 
emphasized  by  the  fact  that  one  man  collecting  for  only  a  few  days  on 
the  small  islands  of  Mona  and  Desecheo  found  representatives  of  twelve 
families,  while  but  thirteen  families  are  recorded  from  the  large  neigh- 
boring island  of  Hispaniola.  It  is  strange  that  but  nine  families  are 
known  from  Jamaica.  This  island  has  had  the  benefit  of  several  workers, 
but  poverty'  of  its  fauna  is  shown  in  other  groups,  so  that  this  small  num- 
ber, while  certainly  not  representing  all  the  families  to  be  found  there, 
may  be  significant. 
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In  view  of  the  careful  work  done  on  St.  Vincent,  it  is  not  likely  that 
its  number  of  families  will  be  greatly  increased.  It  lacks  Dictynida?,  but 
this  family  is  in  the  Greater  Antillean  list  only  by  reason  of  a  specimen 
from  Guane,  Cuba.  It  lacks  (Ecobiidae,  of  which  we  found  a  species  on 
Mona,  but  the  familv  is  otherwise  unknown  in  the  Antilles.  Simon  be- 
lieves  the  species  we  found  on  Mona  to  be  carried  by  commerce.  It  is 
curious  that  it  sliould  I'e  on  Mona,  where  there  is  almost  no  commerce,  and 
not  on  St.  Vincent,  where  there  is  a  great  deal.  Mimetidie  are  now  known 
from  Cuba  and  Porto  Rico  but  not  St.  Vincent.  They  do  not  seem  to  be 
common  even  on  the  first  mentioned  islands  as  they  had  not  previously 
been  recorded  and  we  have  but  one  locality  for  each  island.  Finally, 
Pisauridae,  although  not  common,  are  recorded  from  all  the  Greater  An- 
tilles and  from  Vieques  but  from  none  of  the  Lesser.  As  they  are,  for 
the  most  part,  rather  large  spiders,  this  is  probably  not  due  to  defective 
collecting.  It  is  probably  one  of  those  defects  in  distribution  which  are 
likely,  when  properly  understood,  to  give  us  most  valuable  clues  to  the 
larger  problems  involved. 

DISTRIBUTION  OF  GEXERA 

As  a  rule,  family  is  j^omewhat  too  large  a  group  to  be  of  much  value  in 
a  discussion  of  distribution  and  species  is  too  small  and  uncertain,  being 
not  only  no  less  human  than  other  taxonomic  groups  but  even  more 
likely  to  be  based  on  geographic  range — the  very  thing  we  would  like  to 
use  it  to  study.  Accordingly  genus  seems  the  most  favorable  group  to 
consider  intensivelv. 

The  two  Cohors  of  Petrunkevitch — AraneiLS  and  Dendryphantes — will 
be  left  out  of  consideration  and  also  the  following  genera:  Ischnocolus, 
My  gale,  Blechroscelis,  Teuiana,  Agohardus,  Pliolcus  and  Hasarius,  The 
first  two  are  not  considered  good  genera ;  the  next  three  are  recorded  from 
**West  Indies''  without  further  data;  and  the  last  two  are  said  to  be  found 
throughout  the  tropical  countries  but  no  West  Indian  records  are  known. 

Lesser  Antilles 

There  are  108  genera  of  which  54  or  just  50  per  cent,  are  not  known 
from  the  Greater  Antilles.  Seven,  or  6.5  per  cent.,  are  peculiar  to  the 
Lesser  Antilles.  Ischnothyreus  is  not  known  elsewhere  in  America  but 
is  found  in  western  Africa,  Ceylon  and  the  Philippines.  Likewise,  Corin- 
nomma  is  known  elsewhere  only  in  Africa,  eastern  tropical  Asia,  Ceylon, 
Malasia,  Papuasia,  Philippines  and  Australia.  In  addition  to  the  seven 
mentioned  above  there  are  40  others  which  are  not  found  in  the  Old 
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World.  In  other  words,  43.5  per  eeut.  are  strictly  American.  Of  these, 
one,  AldmosphenuSy  is  known  from  Greater  Antilles  but  not  from  the 
continent,  33  are  known  from  South  America,  21  are  known  from  Cen- 
tral America,  14  are  known  from  United  States. 

There" are  59  genera  which  are  known  in  America  outside  of  the  Lesser 
Antilles  and  are  also  knoT^-n  from  the  Old  World.  One  of  these.  Dry- 
musa,  is  known  onlv  from  St.  Vincent  and  Jlona  in  the  New  World.  In 
the  Old  World  it  is  known  only  from  Cape  of  Good  Hope,  one  species 
being  found  in  each  hemisphere.  Of  the  other  58,  5(5  (17)  are  known 
from  South  America,  44  (6)  are  known  from  Central  America,  41  (4) 
are  known  from  United  States.  Leaving  out  of  account  cosmopolitan  or 
at  least  cosmotropical  genera  and  those  which  are  distributed  pretty  gen- 
erally throughout  the  American-mainland,  we  have  the  numbers  shown  in 
parentheses.    Let  us  now  examine  the  distribution  of  these  more  in  detail. 

One  of  them,  Theonce,  has  one  species  in  St.  Vincent,  one  in  Missouri, 
and  the  genus  is  represented  also  in  France  and  Sumatra.  Hahnia  has 
several  species  from  Virginia  and  Wyoming  northward  to  Greenland,  two 
in  Patagonia  and  Terra  del  Fuego  and  one  in  St.  Vincent  and  Porto 
Rico.  It  is  unknown  from  the  middle  of  the  western  mainland.  In  the 
eastern  hemisphere  it  has  been  found  in  Europe,  in  the  mountains  of 
India,  in  Japan  and  Sumatra.  Bolostromns  is  found  in  Alabama  (one 
species),  northwestern  South  America  (four  species),  St.  Vincent  (one 
species)  and  southwestern  Africa.  Oxyopeidon  has  six  species  in  Central 
America  and  ^lexico,  one  of  them  reaching  to  Arizona,  one  species  in 
St.  Vincent  and  Mona,  and  in  the  Old  World  it  is  found  in  tropical  east 
Africa,  India  and  Indo-China. 

One  genus  found  in  Central  America  has  just  been  considered.  The 
remaining  five  are  found  in  both  Central  and  South  America  but  are  not 
known  from  United  States.  One,  Beaia,  is  known  only  from  this  section 
of  tropical  American  mainland,  St.  Thomas,  St.  Vincent  and  Africa.  , 
The  details  of  the  distribution  of  Miagrammopes,  Dysderina,  Artema  and 
Siephanopis  may  be  had  by  consulting  the  taxonomic  part  of  this  paper. 
One  is  found  in  the  Mediterranean  region,  three  in  Africa,  three  in  Mada- 
gascar, two  in  continental  Asia,  one  in  the  Philippines,  two  in  Malasia, 
one  in  Melanesia,  two  in  Polynesia  and  two  in  Australia. 

Seven  of  the  genera  under  discussion  which  are  found  in  South  Amer- 
ica have  been  mentioned.  The  following  ten  are  not  known  from  the 
American  mainland  north  of  Panama  and,  with  the  exception  of  Opopcea, 
which  we  found  on  Desecheo,  not  even  from  any  of  the  Antilles  except 
St.  Vincent:  Acrola,  Theotima,  Oonops.  Opopcpa,  Janulus,  Episinopsis, 
Dyschiriognatha,  Ogulnius,  Anapis,  Caloctenus,    One  is  found  in  Europe, 
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five  in  Africa,  one  in  eastern  Asia,  two  in  Malay  peninsula  (one  not  being 
known  elsewhere  in  the  Old  World),  four  in  Ceylon  (one  not  being  known 
elsewliere  in  the  Old  World),  one  in  New  Caledonia,  one  in  Japan,  three 
in  the  Philippines  (two  not  being  known  elsewhere  in  the  Old  World), 
two  in  Malasia  and  one  in  Australia. 

I  believe  it  is  impossible  to  explain  these  distributions  by  accidental 
dispersal  in  relatively  recent  times  through  wind  or  otherwise  or  by  any 
recent  system  of  land  bridges. 

Taking  into  account  all  the  genera  found  in  the  Lesser  Antilles,  we 
find  that  22  {2i)A  per  cent,  of  the  total)  are  practically  world-wide  in 
their  distribution.  This  leaves  39  genera  which  have  a  more  or  less  re- 
stricted range  in  the  eastern  hemisphere.  Of  these,  7  (18.0  per  cent.) 
are  found  in  central  or  northern  Europe,  10  (25.6  per  cent.)  in  the  Med- 
iterranean region,  2'3  (59.0  per  cent.)  in  Africa,  5  (12.8  per  cent.)  in 
Madagascar,  20  (51.3  per  cent.)  in  continental  Asia,  10  (25.6  per  cent.) 
in  Ceylon,  8  (20.5  })er  cent.)  in  Japan,  8  (20.5  per  cent.)  in  Philippines, 
12  (30.8  per  cent.)  in  Malasia,  5  (12.8  per  cent.)  in  the  smaller  Pacific 
Islands,  and  8  (20.5  per  cent.)  in  Australia. 

The  American  (listril)uti(Mi  outside  of  the  Lesser  Antilles  of  Lesser 
Antillean  ijenera  is  shown  in  Table  ]  I.  The  studv  of  this  table  had  better 
be  deferred  luitil  after  the  Greater  Antilles  have  been  considered. 


Tablk  II. — Amvrivan  ilistrihution  of  LvHMcr  AntiUcan  genera  of  spiders'' 
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1 
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12 

2 
2 
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43        108 


'  Columns  refer  to  the  mainland  and  rows  to  the  Antilles.     "C.  A."  Includes  Mexico^ 
and  "U.  8.'*  includes  everything  north  of  Mexico. 
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Porto  Hico 

Politically  Porto  Eico  iuoliules  Culebra,  A'ieqiies,  Desecheo  and  Mona. 
In  Table  II  and  in  what  follows  these  islands  are  inchided  when  Porto 
Eico  is  mentioned  unless  the  context  clearly  implies  a  distinction.  It 
seems  that  the  only  error  this  might  cause  would  be  to  make  the  con- 
clusion concerning  the  cosmopolitan  character  of  the  Porto  Rican  fauna 
less  clear  cut  than  it  would  be  if  we  considered  only  the  main  island. 

There  are  51  genera  known  from  the  Porto  Rican  islands  of  which 
only  5  or  9.8  per  cent,  are  not  known  from  the  other  Antilles.  It  is 
interesting  that  four  (Stichopla^tiis,  QiJcobins,  Mecolcrstlius  and  Edricus) 
of  these  five  are  added  to  the  fauna  bv  this  list,  while  the  other  one 
(Pardosa)  is  credited  as  ])eculiar  in  the  Antilles  merely  because  a  dubious 
taxonomic  shift  has  taken  a  Cuban  species  out  of  the  genus.  No  known 
genera  are  peculiar  to  the  Porto  Rican  islands.  All  of  these  five  genera 
are  known  elsewhere  in  America :  one  being  found  elsewhere  only  in 
South  America :  two  onlv  from  South   America  to  ^lexico ;  one  from 

« 

Brazil  to  Massachusetts,  in  Azores,  Canaries,  Mediterranean  region, 
Arabia,  Japan  and  New  Caledonia;  and  the  fifth  is  practically  cosmo- 
politan. 

Unfortunately  the  standing  of  rrostheclina  is  in  considerable  doubt. 
As  Simon  considers  it  in  part  a  synonym  of  Saiiis  it  would  be  difficult 
to  determine  its  Old  World  distribution.  For  details  see  page  107.  It 
will  be  omitted  from  further  discussion.  As  it  occurs  in  the  other  An- 
tilles, whether  it  be  a  synonym  of  Saitis  or  not,  this  omission  does  not 
affect  the  statements  of  the  preceding  paragraph. 

Of  the  50  remaining  genera,  15  (30  per  cent.)  are  restricted  to  Amer- 
ica (including  Wala,  which  is  found  in  Bermuda).  All  of  these  are 
known  from  the  continent,  being  distributed  as  follows :  12  are  known 
from  South  America,  12  are  known  from  Central  America,  9  are  known 
from  United  States. 

Of  the  35  genera  found  also  in  the  Old  World,  only  one,  Drymusa,  is 
not  known  from  the  American  mainland.  As  has  been  stated  its  distri- 
bution is  Mona,  St.  Vincent  and  Cape  of  Good  Hope.  Of  the  remaining 
34,  33  (5)  are  known  from  South  America,  32  (4)  are  known  from 
Central  America,  28  (2)  are  known  from  United  States. 

Ticaving  out,  as  was  done  in  considering  the  Lesser  Antilles,  the  rather 
generally  distributed  genera,  we  have  the  numbers  shown  in  parentheses. 
They  refer  to  Miagrammopes,  Dysderina,  Opopwa,  Ariema,  Hahnia,  and 
Oxyopeidon,  The  details  of  their  distribution  may  be  had  by  reference 
to  the  taxonomic  part  of  this  paper.  All  are  found  in  the  Ijesser  Antilles 
and  only  one  (Miagrammopes)  elsewhere  in  the  Antilles. 


\ 
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Taking  into  account  all  the  genera  except  FrodlMcUna  known  from 
the  Porto  Rican  island?*,  we  iind  that  V*2  (44  per  cent,  of  the  total) 
are  practically  world  wide  in  their  distribution.  This  leaves  1»5  genera 
which  have  a  more  or  less  restricted  range  in  the  eastern  hemisphere. 
Of  these,  1  (T.7  per  cent.)  is  found  in  central  Europe,  G  (46.2  per  cent.) 
in  the  Mediterranean  region,  11  (84.6  per  cent.)  in  Africa,  3  (23.1  per 
cent.)  in  Madagascar,  9  (69.2  per  cent.)  in  continental  Asia,  1  (T.T  per 
cent.)  in  Ceylon,  3  (23.1  per  cent.)  in  Japan,  3  (23.1  per  cent.)  in  Philip- 
pines, 4  (30.8  per  cent.)  in  Malasia,  2  (15.4  per  cent.)  in  the  smaller 
Pacific  islands  and  5  (38.5  ])er  cent.)  in  Australia  and  Xew  Zealand. 

The  American  distribution  outside  of  Porto  Rico  of  Porto  Rican 
genera  is  shown  in  Table  HI.     It  is  worth  noting  in  passing  that  of  the 

Table  III. — AmeHcan  distribution  of  Porto  Rican  genera  of  spiders* 
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1 

1 

8 

1 

33 

50 

50  genera  considered,  34  are  in  the  Lesser  Antilles  and  38  in  the  Greater. 
This  w^ould  show  a  slightly  greater  affinity  of  the  Porto  Rican  fauna  with 
the  islands  to  the  w€\st.  However,  many  of  these  are  widely  distributed 
genera.  It  was  seen  above  that  all  of  the  live  genera  having  more  or 
less  restricted  range  and  found  also  in  the  Old  World  are  found  in  the 
Lesser  Antilles  and  onlv  one  in  the  islands  to  the  west.  Addingr  Phor- 
miciopus,  Eugnatha,  Wulfila,  AysJw.  and  Stoidls—the  only  strictly  Amer- 
ican genera  found  in  Porto  Rico  which  are  not  wide-ranging  on  the 
mainland — we  find  8  in  the  Lesser  Antilles  and  6  in  the  islands  to  the 
west.     It  must  be  concluded  that,  as  far  as  genera  of  spiders  are  con- 


*  Columns  refer  to  the  mainland  and  rows  to  the  AntiUeH. 
and  "U.  8."  everything  north  of  Mexico. 


"C.  A."  includes  Mexico, 
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cerned,  the  Porto  Ricaii  fauna  is  as  eloselv  related  to  the  lesser  Antillean 
fjs  it  is  to  that  of  the  other  Greater  Antilles.  This  conclusion  is  strength- 
ened hy  remembering  that  St.  Vincent,  an  island  well  down  in  the  string 
of  Lesser  Antilles,  furnished  almost  all  the  data  for  that  group  of  islands. 

HiSPANIOLA 

Although  some  of  the  records  for  this  island  are  credited  to  the  Haitian 
portion  of  it  through  the  unfortunate  use  of  "Haiti"  for  the  whole  island, 
nevertheless  most  of  them  really  came  from  Haiti,  especially  near  Port 
au  Prince,  being  those  of  Banks's  list.  It  seems  best  to  consider  the 
island  as  a  whole  until  we  know  more  about  the  differences  between  the 
parts. 

There  are  only  52  genera  known  from  Hispaniola.  This,  clearly,  is 
but  a  small  part  of  its  fauna,  and  since  the  more  interesting  genera,  those 
of  restricted  range,  are  probably  most  abundant  in  the  almost  totally 
unstudied  mountains,  it  is  possibly  not  a  fair  sample.  However,  9  genera, 
or  17.3  per  cent.,  are  not  known  elsewhere  in  the  Antilles  and  2  (Scope- 
lobaies  and  Bythocrotus),  or  3.8  per  cent.,  are  peculiar  to  the  island. 
Trichopelma  is  known  elsewhere  only  from  South  America ;  Tobias  only 
from  Central  America  and  northern  South  America;  Acacesia  only  from 
southern  United  States  to  Panama  (a  single  species  throughout) ;  Meta- 
cyrha,  the  same  distribution  except  that  it  is  also  found  in  Buen  Ayre, 
off  the  northern  coast  of  South  America;  Iciiis,  especially  in  United 
States  (as  far  as  American  records  go),  Mexico,  Uruguay,  Europe,  Africa 
and  Asia;  Linyphia  and  Cyrtoplwra,  practically  cosmopolitan  but  not 
recorded  from  the  other  Antilles. 

Again  leaving  out  Prosthedina,  we  find  24,  or  47.1  per  cent.,  of  the 
remaining  51  are  strictly  American  (including  Wala  and  Eutichurus, 
which  are  known  from  Bermuda).  Of  these  Alcimosphenus  is  known 
from  St.  Vincent,  Cuba  and  Jamaica,  and  Nilacantha  from  Jamaica,  but 
neither  from  the  continent.  These,  with  the  two  peculiar  genera,  leave 
20  which  are  distributed  as  follows:  16  are  known  from  South  America, 
17  are  known  from  Central  America,  11  are  known  from  United  States. 

There  are  27  Hispaniolan  genera  known  elsewhere  in  America  and 
also  in  the  Old  World.  All  are  found  in  continental  America  and  as 
follows:  27  (2)  are  known  from  South  America,  25  (1)  are  known  from 
Central  America,  24  (1)  are  known  from  United  States. 

As  before,  the  numbers  in  parentheses  refer  to  genera  of  more  restricted 
range.  As  a  matter  of  fact  only  two  are  concerned:  Miagrammopes, 
known  from  all  the  Greater  Antilles  except  Jamaica,  from  St.  Vincent, 
Brazil  to  Mexico,  Africa,  Madagascar,  southern  Asia  and  Australia ;  and 
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Sijriifca,  known  from  Cuha,  southwestern  United  States,  Brazil,  Paraguay 
and  Africa. 

Considering  all  Hispaniolan  genera  except  Prostheclina,  21  or  41.2 
]KtT  cent,  are  almost  world  wide  in  their  distrihution.  This  leaves  six 
(Muujraminopes,  Ani/phtina,  Syrista.  TnuheJas.  Corinna  and  Jcius)  to 
be  considered.  Of  these  1  (IG.T  per  cent.)  is  found  in  Europe,  2  (33.3 
per  cent.)  in  the  Mediterranean  region,  5  (83.3  |)er  cent.)  in  Africa,  2 
(33.3  per  cent.)  in  Madagascar,  5  (83.3  per  cent.)  in  continental  Asia, 
1  (If).T  per  cent.)  in  Jaj)an,  2  (33.3  per  cent.)  in  ^NFalasia  and  1  (1G.7 
per  cent.)  in  .Australia. 

The  American  distrihution  of  Hisjianioian  genera  outside  Hispaniola 
is  shown  in  Tal)le  1  \'. 

Table  IV. — Atneriran  distributUm  of  HtMpaniolan  (jenera  of  spiders* 
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Cuba 


There  are  8:2  genera  recorded  if  Mkumcssus  echinalus  Banks  be  put 
under  Misumenops  and  Dolomedes  (see  Thaumasia)  be  omitted.  Of 
these,  24,  or  20.3  ])er  cent.,  are  not  known  from  the  other  Antilles,  but 
only  one  (Ilapalopinus),  or  1.2  ])er  cent.,  is  ])eculiar  to  Cuba.  Of  the  re- 
maining 23,  all  are  found  in  continental  America.  Oxijsoma  is  confined 
to  South  America  except  for  a  single  Cui)an  si)ecies.  Eilica  and  Thana- 
ii'iilii.^  are  American  genera  anil  have  hut  two  species  each  on  the  main- 


"('olunniM  r<'f«T  to  the  nuilnlnnd  and   rtiws  to  the  Antilles.     "C  A."   includes  Mexico, 
ami  "V.  S."  everytlilnj:  north  of  Mejcleo. 
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land,  and  in  both  cases  one  is  in  southeastern  United  States  and  the  other 
in  Brazil,  but  the  Cuban  species  of  Eilica  is  distinct,  while  that  of  Tkan- 
aiidius  is  common  to  Cuba  and  United  States.  Drexelia  is  found  through- 
out most  of  the  world's  tropics  and  subtropics,  including  Central  America 
and  United  States,  but  has  not  been  reported  from  South  America  or  any 
of  the  Antilles  except  Cuba,  while  Peckhamia  is  known  only  from  Pan- 
ama northward  on  the  American  mainland  and  in  Cuba.  Callilepis, 
Mysmena,  CeratineUa  and  Hyctia  are  known  in  America  only  from  Cuba 
and  the  mainland  north  of  Mexico,  but  they  are  all  found  in  Europe  and 
elsewhere  in  the  northern  hemisphere.  The  other  14  are  all  widely  dis- 
tributed in  America;  Eurypelma,  Ceraiinopsis,  Cwpiennius  and  Thiodina 
being  strictly  American;  Smeringopus,  Lithyphantes,  Tibellus,  Tegenaria 
and  Myrmarachne  being  at  least  cosmotropical ;  Dictyna  occurring  in 
Europe  and  Asia,  including  Japan  and  the  Philippines;  Theridula,  in 
the  Mediterranean  region,  Africa,  Madagascar,  tropical  and  eastern  Asia, 
Japan  and  the  Philippines;  Bathyp/iantes,  in  Europe,  x\sia.  New  Zealand 
and  Australia;  Gea,  in  western  Africa,  tropical  Asia,  the  East  Indies, 
Polynesia  and  Australia;  and  Mangora,  in  the  Atlantic  islands,  Europe, 
Asia  and  Cevlon. 

ProsfhecHna  is  troublesome,  as  before,  and  will  be  omitted.  Including 
Eutidiurus  and  Wala,  which  are  found  in  Bermuda,  31,  or  38.3  per  cent., 
are  restricted  to  America.  With  the  exception  of  Ilapalopijius,  which  is 
confined  to  Cuba,  and  Alcimosphenu^,  which  is  found  in  Jamaica,  His- 
paniola  and  the  Lesser  Antilles,  all  these  are  found  on  the  mainland  and 
nre  distributed  as  follows:  22  are  known  from  South  America,  20  are 
known  from  Central  America,  18  are  known  from  United  States. 

All  of  the  50  Cuban  genera  which  are  found  in  the  Old  World  are  also 
found  on  the  American  mainland.  Thev  are  distributed  as  follows:  44 
(3)  are  known  from  South  America,  45  (3)  are  known  from  Central 
America,  4(>  (G)  are  known  from  United  States. 

As  before,  the  numbers  in  parentheses  refer  to  genera  having  a  more  or 
less  restricted  range.  Miag  ram  mopes  is  found  from  Brazil  to  ^ifexico,  in 
St.  Vincent  and  all  the  Greater  Antilles  except  Jamaica,  in  Africa,  Mada- 
gascar, southern  Asia  and  Australia.  Callilepis  is  widely  distributed  in 
the  Old  World  but  is  confined  to  Cuba  and  north  of  Mexico  in  America. 
Mysmena  is  found  in  Cuba,  southeastern  United  States,  France,  northern 
Africa,  Ceylon  and  the  Philippines.  CeratineUa  is  known  from  Cuba, 
northeastern  United  States  to  Labrador  and  northern  Eurasia.  Stepha' 
fiopsis  ranges  from  Patagonia  to  Panama,  in  Tortola  (Lesser  Antilles), 
Cuba,  Madagascar,  Malasia,  Melanesia,  Polynesia  and  Australia.  Syrisca 
is  recorded  from  Brazil,   Paraguay,  southwestern  United  States,   His- 
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paniola,  Cuba  and  Africa.  Ilyciia  is  in  Cuba,  most  of  the  United  States 
and  Europe.  PcUenea  (Kcurs  in  Cuba,  Jamaica,  Central  America  and 
northward,  Europe,  Mediterranean  region  and  northeastern  Asia. 
.  Taking  into  account  all  the  Cuban  genera,  we  find  that  29  (35.8  per 
cent,  of  the  total)  are  practically  world  wide  in  their  distribution.  Of 
the  remaining  21  which  have  a  more  or  less  restricted  range  in  the  Old 
World,  7  (33.3  per  cent.)  are  found  in  central  and  northern  Europe;  9 
(42.9  per  cent.)  in  the  Mediterranean  region;  13  (G1.9  per  cent.)  in 
Africa;  5  (23.8  per  cent.)  in  Madagascar;  15  (71.4  per  cent.)  in  conti- 
nental Asia;  2  (9.5  per  cent.)  in  Ceylon;  4  (19.0  per  cent.)  in  Japan; 
4  (19.0  per  cent.)  in  the  Philippines;  4  (19.0  per  cent.)  in  Malasia;  3 
(14.3  per  cent.)  in  the  smaller  Pacific  islands  and  8  (38.1  per  cent.)  in 
Australia  and  New  Zealand. 

The  American  distribution  of  Cuban  genera  is  shown  in  Table  V. 


, Table  V. — American  diHirihution  of  Cuban  genera  of  spiders 
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Jamaica 

Only  31  genera  of  s])ider8  are  known  from  Jamaica,  including  Pros- 
theclina.  Of  these  T,  or  22.(5  per  cent.,  are  not  found  in  the  other  An- 
tilles. The  question  as  to  whether  Prostheclina  of  Keyserling  should  be 
treated  as  a  svnonym  of  Saitis  of  Simon  has  been  mentioned  several  times 
and  Prostheclina  has  been  omitted  from  the  discussions  when  world-wiilc 


'*roIiiinnK  refer  to  the  mainland  and  rowR  to  the  Antilles.     "C.  A."  includes  Mexico, 
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distribution  was  concerned.  In  Jamaica  we  are  troubled  by  the  fact  that 
three  species  of  Saiiis  are  recorded.  There  are  three  other  species  in 
South  America  and  the  genus  in  the  broad  sense  is  known  from  south- 
western Europe,  western  and  southern  Africa,  India,  Malasia,  Polynesia 
and  Australia.  If  we  include  the  records  for  ProMheclina  with  Saitis 
the  result  will  be  to  decrease  the  apparent  distinctness  of  Jamaica  from 
the  other  Antilles,  but  as  it  is  still  quite  distinct  this  would  probably  be 
the  fairest  course. 

We  then  have  30  genera  credited  to  Jamaica  of  which  6,  or  20  per  cent., 
are  not  known  from  the  other  Antilles.  Of  these  3,  or  10  per  cent.,  are 
not  known  elsewhere  in  America.  Theridionexus  and  Epecthinula  are 
confined  to  Jamaica  and  Cyatholipus  has  been  found  elsewhere  only  in 
South  Africa.  Fourteen  genera  (43.3  per  cent.)  are  strictly  American; 
10,  or  33.3  per  cent.,  are  practically  cosmopolitan  or  cosmotropical.  In 
addition  to  these  and  Saitis  and  Cyatholipus,  which  have  just  been  men- 
tioned, Packylomerus  is  known  from  Jamaica,  St.  Vincent,  Brazil  (?), 
Venezuela  to  Maryland,  the  Mediterranean  region  and  Japan.  Ischno- 
ihele  is  found  in  Jamaica,  South  America  to  Mexico,  Bahamas  and  either 
it  or  a  closely  related  genus,  which  we  will  consider  as  it,  in  eastern 
Africa,  Madagascar  and  India.  FiUstata  is  known  from  South  America, 
including  the  Galapagos,  to  California  and  southeastern  United  States, 
Bermuda  and  the  Atlantic  islands,  Mediterranean  region,  Africa,  central 
Asia,  Philippines  and  Australia.  Pellenes  is  reported  from  Jamaica, 
Cuba,  Central  America  to  Canada,  Europe,  Mediterranean  region  and 
northeastern  Asia.  The  numbers  are  so  few  that  the  reader  can  easily 
analyze  the  distributions  from  the  data  just  given. 

Of  the  10  American  genera  which  have  been  found  on  the  mainland, 
6  are  known  fr^ni  South  America,  10  are  known  from  Central  America 
and  Mexico,  7  are  known  from  United  States. 

The  American  distribution  of  Jamaican  genera  is  shown  in  Table  VI. 
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Table  VI. — American  distribution  of  Jamaican  genera  of  spiders  ^^ 
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(fRFATER   AnTILLKS 

Omittino;  tlie  two  coliors  nud  the  seven  doubtful  ofonora  mentioned  on 
]iage  000;  also  (•on!2i(l('rin<:r  tliat  Misurncssus  echitiatus  is  a  Misumenops. 
that  the  An  til  lean  records  for  Prostheclina  in  Petrunkevitch's  Catalogue 
should  be  credited  to  Saiiu^  and  that  Dolomrdes  has  not  been  recorded 
from  Cuba,  there  are  117  genera  left,  of  which  63,  or  53.8  per  cent.,  are 
not  known  from  the  T^esser  Antilles.  Six,  or  5.1  per  cent.,  are  peculiar 
to  the  Greater  Antilles.  They  are  Hapalopinus  in  Cuba,  Sropel abates  in 
Hispaniola,  TherifJione.rus  and  Epecthinula  in  Jamaica,  Bythocrotus  in 
Hispaniola  and  XiJacanfha  in  Hispaniola  and  Jamaica.  CyathoUpus  is 
not  known  in  America  outside  of  Jamaica  but  occurs  in  South  Africa. 
In  addition  to  the  six  mentioned  above  there  are  forty- four  others  which 

« 

are  not  found  in  the  Old  World.  In  other  words,  42.7  per  cent,  are 
strictly  American.  One  of  these,  Alcimosphenus,  is  also  known  from  the 
Lesser  Antilles  (St.  Vincent)  but  not  from  the  mainland:  33  are  known 
from  South  America,  30  are  known  from  Central  America  and  Mexico, 
24  are  known  from  United  States. 

There  are  6G  genera  which  are  known  in  America  outside  of  the 
Greater  Antilles  and  are  also  known  from  the  Old  World.  One  of  these, 
DnjmtLsa.  is  known  only  from  Mona,  St.  Vincent  and  Cape  of  Good  Hope. 
Of  the  other  65,  58  (9)  are  known  from  South  America,  56   (7)   are 
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known  from  Central  America  and  Mexico,  55  (7)  are  known  from  United 
States. 

As  before,  the  numbers  in  ])arentheses  refer  to  genera  of  more  or  less 
restricted  distribution.  Mj/smena,  Ceratinella  and  ITyctia  are  TTolarctic 
genera  whidi  are  for  the  first  time  in  West  Indian  list  and  now  only  by 
reason  of  being  found  in  Cuba.  The  others  {TschnofUele.  Miagram- 
jnopes,  Dysderina.  Opopcca,  Ariema,  Stephanopsis,  Syrisca,  Hahnia.  Oxyo- 
peidon,  Pellenes  and  Sail  is)  are  considered  rather  fully  in  the  discussions 
concerning  the  individual  islands  and  also  in  the  taxonomic  part  of  this 
paper. 

Of  the  117  genera  in  the  Greater  Antilles,  34  (29.1  per  cent,  of  the 
total)  are  practically  world  wide  in  their  distribution.  This  leaves  33 
genera  which  have  a  more  or  less  restricted  range  in  the  eastern  hemi- 
sphere. Of  these  10  (30.3  ])er  cent.)  are  found  in  central  or  northern 
Europe;  13  (30.4  per  cent.)  in  the  Mediterranean  region;  22  (66.7  per 
cent.)  in  Africa;  7  (21.2  per  cent.)  in  Madagascar;  23  (69.7  per  cent.) 
in  continental  Asia;  3  (9.1  per  cent.)  in  Ceylon:  7  (21.2  per  cent.)  in 
Japan;  6  (18.2  per  cent.)  in  the  Philippines;  8  (24.2  per  cent.)  in 
Malasia :  5  (15.2  per  cent.)  in  the  smaller  Pacific  islands  and  9  (27.3 
per  cent.)  in  Australia  and  New  Zealand. 

The  American  distribution  of  genera  found  in  the  Greater  Antilles  is 
shown  in  Table  VII  and  those  found  in  the  licsser  Antilles  are  added 
for  comparison. 

Table  VII. — American  distribution  of  Antillcan  genera  of  spiders^ 
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DISTRIBUTIOX  OF  SPECIES 

Table  VIII  summarizes  the  data  at  hand.     A  few  doubtful  species 
have  been  omitted  and  several  uudescribed  ones  have  been  included. 

Table  VIII. — American  distrihutirm  of  Antilhan  species  of  spiders^ 
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GEXEKAL  DlSCrSSIOX 

Is  THK  FaUXA  of  the  LeSSER   AxTILLES     distinct  from  THAT  OF  THE 

Greater  Antilles? 

Comparing  the  two  usual  divisions  of  tlie  Antilles — (ireater  and 
Lesser — we  see  that  50  per  cent,  of  the  Tjesser  Antillean  irenera  of  spiders, 
unfortunately  meaning  little  more  than  the  fauna  of  St.  Vincent,  have 
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r;ot  been  found  in  the  Greater  Antilles  and  53.8  per  cent,  of  those  known 
from  the  Greater  Antilles  have  not  been  reported  from  the  Lesser  An- 
tilles. In  the  Lesser  Antilles  6.5  per  cent,  of  the  genera  are  peculiar 
and  in  the  Greater,  5.1  per  cent.  In  the  lesser  Antilles  43.5  per  cent, 
are  strictly  American  and  in  the  Greater,  42.7  per  cent.  The  last  two 
comparisons  indicate  considerable  similarity  in  the  general  character  of 
the  two  fauna?  and  raise  doubt  as  to  the  significance  of  the  fact  that  half 
of  the  fauna  of  each  division  is  distinct  from  that  of  the  other  division. 
Do  the  two  divisions  have  significantly  distinct  faunae?  Taking  His- 
paniola  because  it  is  in  the  midst  of  the  Greater  Antilles  and  bearing  in 
mind  that  further  study  of  the  Hispaniolan  spiders  is  more  likely  to 
l«ring  out  differences  than  similarities  because  we  are  now  ignorant  of 
the  fauna  of  the  interior,  we  note  that  4'^. 3  per  cent,  of  its  genera  are 
not  known  from  the  Lesser  Antilles,  44.3  per  cent,  are  not  known  from 
Porto  Hico,  30.8  per  cent,  are  not  known  from  Cuba  and  65.4  per  cent, 
are  not  known  from  Jamaica.  The  case  of  Jamaica  is  probably  due,  in 
large  part,  to  ignorance  and  a  further  study  of  Cuba  and  Porto  Kico 
without  a  further  study  of  Hispaniola  would  doubtless  reduce  their  fig- 
ures, but  it  must  also  be  kept  in  mind  that  data  for  the  fjesser  Antilles 
is  largely  drawn  from  an  island  well  down  the  line,  so  that  we  must  con- 
clude that  with  respect  to  the  genera  of  spiders  the  Lesser  Antilles  are  no 
more  different  from  the  Greater  Antilles  than  the  different  islands  of 
the  latter  are  from  each  other. 

Of  course,  species  show  a  much  more  limited  geographic  range  than 
genera  and  the  actual  distance  of  St.  Vincent  from  the  Greater  Antilles 
apart  from  ])urely  faunistic  factors  becomes  an  important  factor  when 
considering  species.  There  are  168  species  known  from  the  Lesser  An- 
tilles of  which  72.0  per  cent,  are  not  reported  from  the  Greater  Antilles, 
and  of  the  226  species  known  from  the  Greater  Antilles  79.2  per  cent, 
are  not  known  from  the  Ijesser.  In  the  I>esser  Antilles  52.4  per  cent, 
of  the  species  are  not  known  elsewhere  and  in  the  Greater  Antilles,  42.5 
per  cent.  It  will  thus  be  seen  that  the  spider  fauna  of  the  rather  isolated 
Lesser  Antilles  is  not  much,  if  any,  more  specialized  than  that  of  the 
(ireater.  Again  taking  Hispaniola  for  a  basis  of  comparison  we  find 
that  of  its  76  species,  73.7  per  cent,  are  not  known  from  the  Tjesser 
Antilles,  68.4  per  cent,  are  not  known  from  the  Porto  Rican  islands, 
60.5  per  cent,  are  not  known  from  Cuba  and  77.6  per  cent,  are  not  known 
from  Jamaica.  To  say  the  least,  the  material  at  hand  would  not  justify 
us  in  considering  the  Lesser  Antilles  any  more  distinct  from  the  Greater 
than  anv  of  the  islands  of  the  Greater  are  from  each  other. 
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Js  THE  Antilleax  Fauna  distinct  from  that  of  the  Mainland? 

The  introductory  paragraph  to  Scharff's  Chapter  on  the  origin  of  the 
West  Indian  fauna  is  as  follows: 

"North  and  South  America  are  to  be  regarded,  according  to  Professor  Suess, 
as  two  essentially  distinct  land-masses,  between  which  is  interposed,  as  a  third 
element,  the  area  of  Central  America  and  the  Antilles.  This  geological  dis- 
tinctness of  Central  America  and  the  Antilles  from  the  two  neighboring  conti- 
nents is  scarcely  recognizable  in  the  fauna  of  the  great  isthmus.  But  the 
West  Indies  are  comparable  to  a  wedge  driven  in  between  two  faunistically, 
more  or  less.  Independent  and  distinct  masses.  Almost  everj'one  who  has  dealt 
with  the  fauna  or  flora  of  the  West  Indian  islands  has  expressed  his  surprise 
at  this  fact.  In  position,  says  Dr.  Wallace,  the  Antilles  form  an  unbroken 
chain  uniting  North  and  South  America,  in  a  line  parallel  to  the  great  Central 
American  isthmus.  Yet  instead  of  exhibiting  an  intermixture  of  the  produc- 
tions of  Florida  and  Venezuela,  they  differ  widely  from  both  these  countries, 
possessing  in  some  groups  a  degree  of  speciality  only  to  be  found  elsewhere  in 
islands  far  removed  from  any  continent." 

Several  rears  ago  (1913)  I  published  a  hriel*  note  on  the  distril)ution 
of  occidental  spiders,  getting  the  data  entirely  from  Petrunkevitch's 
catalogue.  As  has  been  done  here,  I  ronghly  divided  the  western  hemi- 
sphere into  four  parts  and  found  that  59.8  per  cent,  of  the  South  .\ineri- 
can  genera  of  spiders  were  not  known  elsewhere  in  America,  21.5  per 
cent,  of  those  in  Central  America  and  Mexico  were  peculiar  to  that  region 
and  '57.5  per  cent,  of  those  from  T.'nited  States  and  Canada  were  not 
found  farther  south.  Of  the  133  Antillean  genera  then  considered  13.6 
per  cent,  were  known  only  from  the  West  Indies.  The  present  ])aper 
includes  171  genera  without  adding  any  peculiar  ones,  so  that  the  per- 
centage is  reduced  to  10.5.  This  would  also  reduce  the  percentage  for 
some  of  the  other  divisions  but  the  figures  as  they  stand  are  about  as 
reliable  as  the  data  on  which  the  revised  ones  would  be  based,  genus 
being  an  indefinite  sort  of  thing,  so  that  we  may  conclude  that  the  genera 
of  spiders  do  not  confirm  the  idea  of  the  distinctness  of  the  West  Indian 
fauna.  Instead  of  being  very  distinct  from  the  mainland  they  are  less 
so  than  anv  of  the  mainland  divisions  are  from  each  other.  Is  this  be- 
cause  spiders  are  more  generally  distributed  than  other  animals  or  is  the 
impression  of  distinctness  an  erroneous  one  based  on  a  consideration  of 
special  cases? 

The  best  way  to  settle  the  question  of  the  distinctness  of  the  Antillean 
fauna  is  to  study  carefully  a  number  of  groups  which  are  fairly  well 
represented  in  the  Antilles  and  we  are  doing  this  in  connection  with  the 
survey  of  Porto  I?ico  which  is  being  carried  on  under  the  auspices  of  the 
Xew  York  Acadeniv  of  Sciences.     Mammals  were  used  bv  Wallace  with 
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wonderful  success  but  they  do  not  seem  to  be  good  material  for  a  West 
Indian  discussion  bccauso  there  are  so  few  of  them.  It  is  decidedly  in- 
teresting that,  except  for  bats,  the  Antillean  mammals  are  rodents  be- 
longing to  South  American  groups  and  Solenodon.  a  genus  of  Insectivora, 
nhose  nearest  relatives  are  found  only  in  Madagascar.  These  relation- 
ships will  he  referred  to  later  hut  it  may  be  noted  in  passing  that  such 
distributions  are  fairly  common  among  spiders.  The  figures  given  by 
Wallace  for  birds  show  that  about  one-third  of  the  Antillean  genera  are 
]»eculiar.     This  proportion  is  far  greater  than  that  for  spiders  and,  when 


riG.  X—Han-lv  plain  -mlh  of  flAar  del  H'o,  Cuba 

compared  with  the  bird  fauna  of  Central  America,  for  exaiTipte,  shows  a 
high  degree  nf  speciality,  but  Wallace's  list  gives  only  WS  genera  of  birds 
for  tlie  West  Indies  and  there  are  more  than  500  genera  in  Central 
America.  The  .^iniall  number  of  vertebrates  in  the  West  Indies  and  the 
fact  that  a  large  ]>roportion  of  those  which  arc  there  are  peculiar  «eom 
to  be  evidences  ol'  the  unlltui'ss  of  the  Antillean  environment  tor  verte- 
brate life  rather  than  of  any  spw-ial  distinctness  of  the  .\ntillcs  fniin  the 
siandiioint  of  geographic  distribution. 

It  seems  nlinost  pedantic  to  [loint  out  the  necessity  "f  considering  en- 
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vironiiicnt-  in  ii  (lisriissiini  (if  jrcufrrapliic  (listrilniiinii  iiinl  yet  it  is  almost 
never  takt-n  uj)  in  ilotiiil.  There  are  several  very  ]iLiiitKJil  rfasons  for 
tills,  two  of  wliicli  are  well  illustrated  by  tliis  jtapor.  First,  there  is 
slreaily  siirh  a  iiia,-^s  of  detail  that  it  can  pcnively  lie  hainUpd  and,  sefoiid, 
the  aiitlior  is  ofleiu  an  in  this  rase,  it;norunt  of  the  ei'olngital  eouditions 
tuiiier  which  the  spr^'ics  iK'cnr  throiipliout  their  ranges.  The  importance 
of  (Tological  conditions  inav  he  i]lii,>-trKtcd  in  conneHiim  with  what  lias 
jnst  -one  iK-fon-  a^  w.-ll  as  with  wliHt  foUows. 


Mr.  Ijeng  and  myself  went  to  I'iiiar  del  l!io,  (.'uhu,  chiefly  tti  stiuty  the 
ecological  distribution  of  inseeta.  We  collci:ted  spiders  in  a  nniulier  of 
environments,  twi)  of  wliich  are  of  interest  here.  Sonth  of  the  city  is  a 
Bandy  plain  which  we  studied  fairly  intensively  Iwtween  the  nine  and 
thirteen  kilometer  posts  on  the  road  to  t'oloma,  leaving  ont  of  account 
the  really  important  Iwal  differences  caused  hy  {ii-ound  water  level  and 
the  resulting  differences  in.  vegetation,  figure  ;i  may  be  taken  as  fairly 
typical  of  the  region.     North  of  the  city  are  the  mountains  and  we  col- 
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lected  especially  in  the  vicinity  of  Banos  San  \'incente.  The  ditterence 
in  elevation  between  tliis  place  and  the  plains  is  not  enough  to  cause  a 
noticeable  difference  in  temperature  apart  from  that  connected  with  soil 
conditions  and  moisture.  Figure  4  gives  an  idea  of  the  character  of 
the  region — moist  atmosphere,  lime-humus  soil,  rather  ^'tropical"  vege" 
tat  ion.  Leaving  out  of  account  the  Coliors  Araneus  and  Dendryphantes 
for  tax(momic  reasons  and  not  considering  the  minor  ecological  differ- 
ences in  each  region,  we  found  10  genera  on  the  plains  which  we  did  not 
find  at  Banos,  24  at  Banos  wliich  we  did  not  find  on  the  plains  and  oAly 
\)  genera  at  both  places.  That  is,  52. G  per  cent,  of  the  plains  genera 
were  not  found  in  the  hills  and  72.7  per  cent,  of  the  hills  genera  were 
not  found  on  the  plains.  In  other  words  there  is  at  least  as  much  differ- 
ence between  these  two  nearby  but  ecologically  different  localities  as 
there  is  between  Cuba  and  the  other  islands  or  between  the  Antilles  as  a 
whole  and  the  mainland. 

Furthermore,  this  must  give  us  a  pause  in  considering  the  relationships 
of  the  various  islands  to  each  other  and  to  the  mainland,  for  90  per  cent, 
of  the  genera  we  took  on  the  plains  are  found  in  United  States  and  only 
7  7.3  ]H'r  cent,  of  those  from  the  hills;  40  per  cent,  of  the  former  are 
known  elsewhere  only  in  United  States,  as  far  as  America  is  concerned, 
and  only  4.5  per  cent,  of  the  latter.  The  general  impression  is  that  the 
West  Indies  are  more  doselv  related  to  Central  and  South  America  than 
to  United  States  and,  going  still  further,  that  the  Lesser  Antilles  are 
especially  related  to  South  America  and  the  Greater  Antilles  to  Central 
America.  If  this  be  true,  in  how  far  is  it  due  to  land  bridges,  ocean 
currents  or  wind  and  in  how  far  is  it  due  merely  to  similarity,  and  hence 
congeniality,  of  environment?  The  first  part  of  the  question  needs  prior 
consideration,  and  the  second  part  cannot  be  satisfactorily  answered  until 
we  know  more  about  animal  ecology. 

Mainland  Affinities  of  the  Antillean  Fauna 

As  far  as  the  data  concerning  the  genera  of  spiders  go,  the  Tjesser 
Antilles  (St.  Vincent)  seems  to  have  a  closer  affinity  with  South  America 
than  does  the  other  division  of  the  Antilles,  since  22.2  per  cent,  of  the 
genera  of  the  Tjesser  Antilles  are  known  elsewhere  in  this  hemisphere 
only  in  South  America  and  the  corresponding  percentage  for  the  Greater 
Antilles  is  only  S.(d.  However,  if  we  include  all  the  genera  whose  dis- 
tribution we  can  study  we  note  that  only  82.4  per  cent,  of  the  genera 
known  from  the  Li'sser  Antilles  are  known  also  in  South  America,  while 
the  corres|)onding  percentage  for  the  Greater  Antilles  is  84.3  ]>er  cent. 
The  l)elief  that  work  in  the  northern  Tjesser  Antilles  will  still  further 
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reduce  the  proportion  of  strictly  South  American  genera  in  that  division 
makes  us  somewhat  dubious  of  there  being  any  marked  difference  between 
the  two  divisions  of  the  Antilles  with  respect  to  this  relationship. 

As  far  as  the  affinity  between  the  Greater  Antilles  and  Central  America 
(including  ^fexico)  goes,  we  note  that  only  2.6  per  cent,  of  the  Greater 
Antillean  genera  are  confined,  in  their  American  mainland  distribution, 
to  that  region.  Including  all  the  genera,  73. 5  per  cent,  of  those  known 
from  the  Greater  Antilles  are  known  also  from  Central  America  and 
3Iexico,  but  the  same  percentage  for  the  Lesser  Antilles  is  60.2,  which  is 
practically  the  same,  in  view  of  the  fact  that  it  is  so  largely  based  on 
the  St.  Vincent  fauna. 

As  was  pointed  out  several  paragraphs  before,  Cuba  has  a  number  of 
genera  known  on  the  American  mainland  only  from  TTnited  States  and 
Canada,  but  such  genera  represent  only  5.1  |)er  cent,  of  the  genera  ktiown 
from  the  Greater  Antilles  (as  a  matter  of  fact,  only  7.4  per  cent,  of  the 
Cuban  genera),  while  the  same  percentage  for  the  Lesser  Antilles  is  2.8. 
Of  the  Greater  Antillean  genera  67.5  per  cent,  are  known  also  in  I'nited 
States  and  Canada  and  50.9  per  cent,  of  those  reported  from  tlie  lesser 
Antilles. 

This,  it  seems  to  nie,  confirms  the  notion  that,  while  individual  genera 
differ,  the  general  make-up  of  the  spider  fauna  of  the  F^esser  Antilles 
does  not  significantly  differ  from  that  of  the  Greater  Antilles  and  that 
neither  division  has  drawn  from,  or  given  to,  any  particular  portion  of 
the  mainland  much  more  than  the  other  division. 

A  comparison  of  the  Porto  Eican  spiders  with  those  of  tiio  other 
islands  brings  out  some  interesting  points.  It  has,,  as  far  as  we  know, 
no  peculiar  genera  and  only  9.S  per  cent,  of  its  genera  are  not  known 
from  the  other  Antilles.  The  data  for  the  Lesser  Antilles  show  6.5  per 
cent,  of  peculiar  genera  and  50  ])er  cent,  which  are  not  known  from  the 
other  Antilles;  for  Hispaniola  the  figures  are  3.8  per  cent,  and  17.3  per 
cent.:  for  Cuba,  1.2  per  cent,  and  29.3  per  cent.;  and  for  Jamaica,  6,6 
per  cent,  and  20  per  cent.  The  fauna  of  Porto  Pico  seems,  then,  to  be 
of  more  recent  origin  than  that  of  the  other  islands.  This  idea  is 
strengthened  by  the  fact  that,  while  the  differences  are  not  great,  only 
30  per  cent,  of  Porto  Rican  genera  are  strictly  -American  as  compared 
with  43.5  per  cent,  for  the  Lesser  Antilles,  47.1  per  cent,  for  Hispaniola, 
38.3  per  cent,  for  Cuba  and  43.3  per  cent,  for  Jamaica ;  also  by  the  fol- 
lowing, which  is  not  strictly  a  restatement  of  the  preceding,  since  a  genus 
mav  be  found  in  the  Old  World  without  beintr  so  widelv  distributed  as 
to  be  classed  as  cosmopolitan.  Cosmopolitan  or  cosmotropical  genera 
make  up  44.0  per  cent,  of  the  Porto  Pican  geneia  as  compared  with  20 
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per  cent,  for  the  Lesser  Antilles,  41.2  per  cent,  for  Hispaniola  (pracrti- 
cally,  the  port  towns),  35.8  per  cent,  for  Cuba  and  33.3  per  cent,  for 
Jamaica. 

Species  also  show  the  composite  character  of  the  Porto  Rican  spider 
fauna  and  are  perhaps  more  convincing  than  genera.  Only  8.T  per  cent, 
of  the  Porto  Rican  species  are  peculiar  as  contrasted  with  52A  per  cent, 
for  the  Lesser  Antilles,  23.7  per  cent,  for  Hispaniola,  25.2  per  cent,  for 
Cuba  and  48.9  per  cent,  for  Jamaica. 

In  view  of  this  unusual  charax^ter  of  Porto  Rican  spiders,  it  is  worth 
while  discussing  their  distributional  affinities.  Table  VIII  gives  the 
data  for  the  American  distributioii  of  species  in  a  condensed  form. 
Table  IX  shows  the  percentages  of  the  total  number  of  species  in  the 
several  islands  for  various  groupings. 

Table  IX  " 


Peculiar 

Not  in  other  Antilles 

In  other  Antilles  but  not  on  mainland. 
On  mainland  but  not  in  other  Antilles. 
On  mainland  (total) 


L.  A. 

P.  K. 

IliRp. 

52.4 

8.7 

23.7 

72.0 

17.4 

37.0 

13.1 

29.0 

27.6 

19.6 

8.7 

13.^ 

34.5 

62.3 

48.7 

Cuba. 

25.2 
56.5 
13.7 
31.3 
61.1 


Jam. 

48  9 
55.3 
21.3 
6.4 
29.8 


Porto  Kico  has  as  high  a  mainland  affinity  as  Cuba  and  higher  than 
the  other  ishinds,  but  it  has  a  lower  direct  affinity  (a  lower  percentage 
of  species  found  on  the  mainland  and  not  on  the  other  Antilles)  than 
iiny  except  Jamaica.  That  is,  its  fauna  is  largely  mainland  species 
which  it  has  received  by  way  of  the  other  islands;  Cuba's  species  are  also 
largely  mainland  species,  few  of  which  have  been  passed  on,  while 
Jamaica  has  few  maijiland  species  and  most  of  these  have  been  received 
by  way  of  the  other  islands  or  have  been  passed  on  to  them.  Of  course, 
it  would  be  possible  for  a  species  to  originate  in  a  West  Indian  island 
and  then  be  transferred  to  the  mainland  and  this  may  be  true  in  Cuba. 
It  would  be  impossible  to  determine  from  the  data  whether  this  has  hap- 
[)ened  or  not  but  it  probably  did  not  occur  often  enough  to  seriously 
complicate  matters. 

The  rest  of  Table  IX  agrees  with  the  idea  just  stated  and  repeats  what 
was  said  before,  as  might  be  expected,  since  it  is  largely  a  complement  of 
the  two  lines  just  cr)nsi(lered.  Porto  Rico  has  the  smallest  percentage  of 
endemic  species  of  any  of  the  islands  or  groups  of  islands;  and,  partly 
for  this  reason,  but  i)artly  also  because  it  has  received  a  large  proportion 
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of  its  species  from  the  mainland  by  way  of  the  other  ishmds,  it  has  the 
smallest  percentage  of  species  which  are  not  in  the  other  Antilles.  Porto 
liico,  Ilispaniola  and  Jamaica  contrast  with  the  lesser  Antilles  (St. 
A'inceut)  and  Cuba  in  having  a  greater  percentage  of  species  which  have 
originated  in  the  Antilles  and  been  passed  to  each  other,  but  not  to  the 
mainland. 

Table  X  gives  the  percentages  of  the  species  occurring  in  a  given  island 
and  also  on  the  mainland  whicli  are  found  in  the  several  mainland  divis- 
ions. It  is  an  attempt  to  discover  the  way  species  have  moved  in  rela- 
tively recent  times.  It  probably  concerns  relatively  recent  movements 
only,  for  the  species  have  not  changed  enough  to  lead  taxonomists  to 
give  the  mainland  and  insular  lots  different  names.  To  be  sure,  we 
know  tbat  specific  identity  may  be  preserved  for  long  geologic  time  and 

Table  X" 


Lesser 

P.  K. 

11.6 
7.0 
7.0 

14.0 

20.9 
7.0 

32 . 6 

65 .  1 
74.4 
67.4 

Hisp. 

Cuba 

Jam. 

S.    A.   only 

C.   A.   only 

IT.   S.    onlv 

?!>.    A.,    v^.    iV 

C    AITS 

31.0 
5.2 
6.9 

17.2 
8.6 
3.4 

27.6 

10.  s 
2.V 

10.8 
8.1 

29.7 
5.4 

32 .  1 

3.8 

6.3 
30.0 

6.3 
21.3 

2.5 
30.0 

14.3 
7.1 
0.0 
7.1 

14i.3 

S.  A.,  U.  S 

S.  A.,  C.  A.,  U.  8 

0.0 
57.2 

Total   8.   A 

Total   C.   A 

Total    r.   S 

79.3 
58.6 
46.5 

56 . 8 
72.9 

78 . 3 

1 

42 . 5 
63.8 

83.8 

1 

78.6 
85.7 
71.4 

experimental  work  bas  indicated  that  a  species  may  arise  not  only  sud- 
denly but  in  several  quite  indej)endent  centers.  However,  most  of  the 
species  considered  here  probably  arose  in  relatively  recent  geologic  time 
and  each  in  a  single  center.  Jamaica  is  troublesome  because  33  (all  but 
14)  of  the  species  known  from  there  do  not  occur  on  the  mainland. 
Cuba  ha.s  51  such  species ;  Hispaniola,  39 ;  Porto  Rico,  26,  and  the  Ijesser 
Antilles  110. 

Except  for  the  strictly  South  x\merican  species  in  St.  Vincent  and  the 
strictly  northern  species  in  Cuba  a  large  part  of  the  species  which  are 
foimd  in  the  various  Antilles  and  also  on  the  mainland  are  wide  ranging 
on  the  mainland,  being  found  in  all  three  of  its  divisions.  This  may  be 
due  to  the  greater  chance  they  have  of  getting  to  the  Antilles  (supposing 
they  originated  on  tbe  mainland)   because  their  mainland  distribution 


*•  For  explanation,  see  text.     Based  upon  58  species  In  the  lesser  Antilles.  43  In  Porto 
Hico.  37  in  Hispaniola,  80  In  Cuba,  and  14  in  Jamaica. 
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puts  tlieiii  on  three  sides  of  the  Antilles  or,  as  is  more  probable,  they  are 
speiies  which  can  live  in  a  wide  range  of  environments,  as  is  indicated 
by  their  wide  geographic  range,  and  so  have  found  it  easy  to  establish 
themselves  in  the  Antilles. 

The  Central  American  affinity  is  really  slight.  Although  in  the  totals 
it  seems  to  be  important,  an  examination  of  the  more  detailed  part  of  the 
table  shows  that  this  is  caused  by  the  groups  in  which  it  is  joined  with 
either  the  northern  or  the  southern  division  or  with  both.  For  exam])le, 
the  17.2  per  cent,  of  the  mainland  species  in  the  T^esser  Antilles  which 
are  credited  to  South  America  and  Central  America  should  probably  be 
credited  to  South  America  as  is  indicated  by  the  fact  that  31.0  per  cent, 
are  known  on  the  mainland  only  from  South  America.  The  5.2  per  cent, 
which  are  known  from  the  mainland  onlv  in  Central  America  are  three 
species  which  may  have  come  directly  from  Central  America  but  they 
more  pr()i)ably  (K-cur  in  South  America  or  did  recently  occur  there. 
Jamaica  is  the  only  island  with  a  greater  percentage  of  species  which, 
as  far  a.s  we  know,  are  strictly  Central  American,  than  it  has  of  species 
which  seem  to  l)e  confined  to  one  of  the  other  mainland  divisions,  but 
this  i)crcentage  is  misleading  also  as  it  represents  but  one  species. 

Presumably  these  species  have  reached  their  island  homes  from  the 
mainland  or  have  originated  in  the  islands  and  spread  to  the  mainland 
since  the  various  islands  have  been  separated,  if,  indeed,  the  islands  were 
ever  joined.  The  fauna  of  the  islands  at  the  ends  of  the  Antillean  chain 
have  their  strongest  affinities  with  that  part  of  the  mainland  which  is 
nearest  to  them  partly  because  of  their  geographical  contiguity  but  partly 
also  because  of  resemblance  of  habitat,  witness  the  Floridian  affinity  of 
the  fauna  (and  it  is  true  also  of  the  flora)  of  the  sandy  plains  near  Pinar 
del  Pio,  Cuba,  as  compared  with  the  more  tropical  character  of  the  moun- 
tains to  the  north  of  the  city.  If  these  species  have  spread  themselves 
in  this  way  without  the  aid  of  actual  land  connection,  is  such  connection 
indicated  in  the  older  units,  the  genera? 

It  is  doubtless  clear  that  if  we  take  all  genera  and  treat  them  as  we 
have  just  treated  the  species  the  result  would  be  influenced  by  the  in- 
clusion of  recently  introduced  species.  Probably — ^but  certainly  not  nec- 
essarily— those  genera  which  have  species  peculiar  to  the  Antilles  have 
been  on  the  Antilles  longer  than  those  whose  only  Antillean  species  occur 
also  on  the  mainland.  Table  XI  gives  the  percentages  of  such  presum- 
ably old  genera  occurring  in  a  given  island  and  also  on  the  mainland 
which  arc  found  in  the  several  mainland  divisions.  It  is  an  attempt  to 
discover  the  wav  the  fauna  moved  in  relativelv  remote  times. 
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Tabt.e 

xn* 

Lesser 

p.  R. 

Hisp. 
9.4 

Cuba 

.Jam. 

S.   A.   only.  . 

21.1 

6.9 

10.2 

5.9 

C.   A.  onlv.  , 

2.8 

3.4 

6.3 

4.1 

11.8 

U.   S.  only. 

4.2 

3.4 

0.0 

6.1 

0.0 

o*   -A-.f  \j.  A., . 

21.1 

17.2 

21.9 

18.4 

11.8 

C.  A.,  U.  S.. 

4.2 

3.4 

3.1 

4.1 

17.7 

S.  A..  U.  S., 

7.0 

3.4 

6.3 

6.1 

0.0 

S.  A.,  C.  A., 

U. 

S. 

s 

A 

39.4 

62.1 

53.1 

51.0 

53.0 

Total 

88.8 

89.7 

90.6 

85.7 

70.6 

Total 

c. 

A 

67.  ♦) 

86.2 

84.1 

77.6 

94.1 

Total 

V. 

S 

54.9 

72.4 

62 . .-) 

67.3 

70.6 

As  with  species,  a  Jar<re  part  of  the  genera  wliieh  are  found  on  the 
various  Antilles  and  also  on  the  mainland  are  wide  ranging  on  the  main- 
land, being  found  in  all  three  of  its  divisions.  A  part  of  this  is,  of 
course,  due  to  those  genera  containing  wide  ranging  species  which  also 
have  species  peculiar  to  the  Antilles.  We  also  note  that,  as  with  species, 
the  strongest  generic  affinity  of  St.  Vincent  is  with  South  America  and 
probably  most  of  the  15  genera  (21.1  per  cent.)  found  in  both  South  and 
Central  America  got  to  or  from  Central  America  bv  way  of  South 
America. 

It  has  already  been  pointed  out  that  the  Porto  Rican  spider  fauna  is 
largely  recent.  The  data  for  genera  as  well  as  that  for  species  indicates 
that  its  affinity  is  probably  strongest  with  South  America.  It  would  not 
be  profitable  to  discuss  Plispaniola  at  length  until  we  know  more  of  the 
fauna  in  the  interior,  but  it  is  interesting  to  note  that  no  strictly  United 
States  genera  have  been  found,  and  it  is  safe  to  predict  that  further  study 
of  Hispaniola  will  show  it  to  be  even  more  South  American  than  is  Porto 
Rico. 

Cuba  has  a  surprisingly  small  percentage  of  United  States  genera  if 
we  leave  out  of  accoimt  the  wide  ranging  ones.  The  facts  that  30.0  per 
cent,  of  the  species  which  are  found  on  the  mainland  are  not  found  on 
the  mainland  south  of  the  United  States  as  compared  with  6.1  per  cent, 
of  presumably  old  genera,  and  that  the  figures  for  those  not  found  north 
of  South  America  are  3.8  per  cent,  and  10.2  per  cent,  respectively  indi- 
cate that  the  older  fauna  has  a  stronger  South  American  affinity  than  the 
more  recent.    The  meaning  of  this  will  be  discussed  presently. 

There  are  only  17  genera  in  Jamaica  upon  which  to  base  the  percentages 
given  in  Table  XI.    A  strong  affinity  with  Central  America  in  ancient 


"For  explanation,  see  text.     Based  upon  71  genera  In  the  I^esser  Antilles,  29  In  Porto 
Itlco.  32  in  Hispaniola.  49  in  Cuba,  and  17  in  Jamaica. 
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times  is  indicated,  but  as  it  is  based  on  but  2  genera  found  on  the  main- 
land only  in  Central  America  and  Mexico,  2  found  in  these  regions  and 
South  America  and  3  found  in  these  regions  and  United  States,  it  would 
not  be  safe  to  place  much  reliance  on  these  data.  Furthermore  such 
affinity  does  not  demand  a  land  bridge;  it  may  merely  be  a  result  of  geo- 
graphic contiguity  and  environmental  similarity.  If  Jamaica  has  always 
been  isolated  as  it  is  now,  or  at  least  if  its  last  complete  submergence  was 
a  long  time  ago  and  it  has  since  been  as  isolated  as  it  is  now,  we  can 
understand  the  apparent  poverty  of  its  fauna,  the  peculiarity  of  it  and 
its  only  slightly  stronger  affinity  with  Central  America  than  with  the 
other  mainland  divisions. 

The  impression  all  these  things  make  on  me  is  that  the  various  An- 
tilles may  always  have  ))eon  as  distinct  as  they  are  now;  that  they  re- 
ceived their  spider  faima  by  slow  "accidental"  means,  and  that  Porto 
Eico  has  only  recently  been  populated.  How,  then,  are  we  to  explain  the 
ancient  character  of  a  large  part  of  its  fauna  and  the  curious  relation- 
ships with  distant  Old  World  localities?  Also,  why  is  the  ancient  portion 
of  the  Cuban  fauna  more  South  American  than  the  recent? 

Okigik  of  the  Antillkak  Fauna 

Before  considering  further  the  origin  of  West  Indian  spiders  it  would 
be  well  to  note  their  means  of  dispersal.  Young  spiders  of  nearly,  if  not 
(jiiito.  all  families  are  more  or  less  given  to  "ballooning."  They  will  face 
against  the  wind,  and,  elevating  their  spinnerets,  spin  a  quantity  of  fine 
silk  usually  in  the  form  of  a  number  of  threads.  These  threads  float  in 
the  breeze  and  finally  they  are  numerous  enough  or  long  enough  to  carry 
their  makers  on  an  aerial  journey.  The  length  of  such  journeys  would 
seem  to  depend  very  largely  on  the  strength  and  character  of  the  wind. 
McCook  has  attempted  to  show  by  its  distribution  that  Heteropoda  vena- 
toria  has  circumnavigated  the  globe.  It  is  true  that  the  range  of  this 
species  corresponds  "with  remarkable  exactitude"  to  the  belt  over  which 
the  Trades  blow,  but  we  may  accept  his  proof  that  the  species  has  not 
been  distributed  by  commerce  without  adopting  his  suggestion  that  its 
(•osinotroj)i(al  distribution  is  due  to  its  ballooning  habit.  He  cites  Dar- 
win's note  about  the  ^^eagle"  being  boarded  by  "flying''  spiders  when 
sixty  miles  from  land  and  adds  a  report  which  is  similar  except  that  the 
latter  ship  was  more  than  two  hundred  miles  from  land.  It  must  be  ad- 
mitted that  wind  may  be  a  very  efficient  factor  in  the  distribution  of 
many  organisms,  and  it  should  be  noted  that  when  spiders  go  on  such 
jounioys  they  often  go  in  swarms,  so  that  it  would  not  be  unlikely  that 
opposite  sexes  would  land  near  enough  each  other  to  continue  the  species. 
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However,  there  is  more  to  the  distribution  of  spiders  than  wind.  We 
need  an  explanation  of  the  remarkable  disc<)ntinuities  which  have  been 
pointed  out. 

Ocean  drift  is  frequently  brought  in  to  explain  distribution  and  it  has 
probably  been  the  effective  agent  in  many  instances.  The  opponents  of 
such  an  idea  forget  the  long  ages  iji  which  accidental  drift  has  had  a 
chance  to  w^ork.  However,  the  ease  with  which  large  numbers  of  spiders 
take  to  the  air  every  year  makes  recourse  to  the  small  numbers  that  may 
make  successful  voyages  on  driftwood  unnecessary. 

1'hcn  thcic  is  man.  Hardly  a  ship  sails  from  port  without  araneid 
stowaways,  and  inland  shipments  of  freight  also  carry  their  quota,  but 
these  are  nearly  always  a  certain  few  species  of  which  only  those  that  live 
about  man's  dwellings  are  likely  to  become  established.  None  of  the 
^^tarantulas''  which  come  in  nearly  every  shipment  of  bananas  have  be- 
come a  part  of  the  New  York  fauna.  Furthermore  it  is  very  unlikely 
that  the  distribution  of  most  spiders  has  changed  much  since  man  began 
to  sail  the  seas.    The  study  of  their  movements  must  go  far  back  of  that. 

One  takes  up  the  question  of  land  bridges  w"th  something  akin  to  a 
groan  since  opinion  on  the  matter  is  so  (iivo»-  1  the  evidence,  whether 

pro  or  con,  about  a  given  bridge  is  often  Sv  ,ht.  Paleontology  offers 
little  direct  evidence  as  to  the  ancient  movements  of  spiders  since  so  few 
fossil  spiders  arc  known.  Several  have  been  descril)e(l  from  the  Carbon- 
iferous of  both  lieniisplieres  and  probably  at  least  one  genus  (Artlirohj- 
cosa)  was  even  then  found  in  both  Europe  and  North  America.  The 
only  living  genus  of  the  type  of  spiders  whicli  was  apparently  common 
in  ('ar})oniferous  is  Liphisiiia.  It  is  t'omid  now  only  in  the  islands  of 
Pinang  and  Sumatra. 

Spiders  with  unsegmented  abdomens,  that  is  all  living  spiders  except 
Lipisiius,  may  not  have  arisen  until  the  Mesozoic,  but,  if  so,  evolution 
was  fairly  rapid,  for  most  of  the  Oligocene  and  Miocene  spiders  belong 
to  present-day  families  and  even  genera. 

R.  T.  Pocock^"  gives  an  interesting  analysis  of  the  ancient  movements 
of  spiders.  A  few  of  the  present-day  distributions  given  by  him  differ 
from  those  given  by  other  authorities,  but  none  of  the  differences  which  1 
have  noticed  would  materially  change  his  argument.  In  his  section  on 
the  "Distribution  of  some  of  the  Families  of  Arachnomorphae  that  were 
represented  in  the  Oligocene  Period"  he  mentions  seventeen  genera  found 
in  amber  which  are  still  living.  While  it  is  perfectly  true  that  "although 
since  the  Oligocene  these  Spiders  have  had  the  same  time  for  dispersal, 
they  nevertheless  differ  greatly  in  their  distribution,"  the  implication  that 


"Proo.  Zool.  Soc.  London,  1903,  I.  pp.  .340-368. 
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their  present  distribution  is  a  measure  of  their  success  in  extending  their 
range  does  not  necessarily  follow.  It  is  altogether  probable  that  spiders 
fairly  covered  the  earth  in  Oligocene  times,  and  the  few  that  were  im- 
prisoned in  Baltic  amber  tell  us  nothing  more  than  that  they  lived  in  that 
region,  among  others,  at  that  time.  It  is  pleasing  to  note  that  Pocock 
did  not  think  it  necessary  to  throw  a  bridge  from  continent  to  continent 
on  the  shortest  line  (according  to  Mercator^s  projection)  between  any  two 
portions  of  a  present-day  discontinuous  range.  He  naturally  found  con- 
siderable evidence  of  transfer  in  Arctic  regions^*  and  he  also  used,  rather 
freely,  Antarctic  connections  between  South  America,  Africa  and  Aus- 
tralia. 

F.  DahP^  has  considered  the  distribution  of  spiders  and  concluded  that 
the  Antarctic  connection  is  improbable.  Not  all  of  his  arguments  seem 
to  be  well  founded.  For  example,  one  can  not  consistently  uphold  the 
"relict"  idea  and  then  combat  the  Antarctic  connection  on  the  ground 
that  so  few  relicts  are  found  on  the  Antarctic  islands.  Most  of  the  spi- 
ders, for  the  explanation  of  whose  distribution  an  Antarctic  connection 
jui^lit  be  desired,  are  tropical.  It  is  tlierefore  not  sur|)risinp:  tliat  re- 
licts are  not  foimd  on  ^;v  j^ptic  islands. 

It  is  no  more  than  ord.  oommon  sense  to  favor  the  simplest  ade- 

quate  explanation  of  a  problem.  It  is  unnecessary  to  review  the  volu- 
minous literature  concerning  Antarctic  connections  between  the  three 
southern  continents.  It  is  admitted  that  many  facts  favor  such  connec- 
lions,  especially  the  one  between  South  America  and  Australia,  and  that 
nothing  has  been,  or  is  likely  to  be,  brought  out  which  will  absolutely 
disprove  it.  However,  if  a  simpler  explanation  than  the  general  eleva- 
tion of  more  than  3,000  meters  required  to  connect  South  America  and 
Australia,  but  which  leaves  Africa  still  to  be  accounted  for,  is  adequate 
it  would  seem  to  be  preferable.  The  final  court  of  appeals  is,  of  course, 
fossils,  especially  those  in  Antarctica,  but  even  if  numerous  fossils  are 
found  in  Antarctica  and  thev  are  seen  to  be  similar  to  those  found  in  the 
southern  portions  of  the  other  continents  it  will  not  prove  actual  con- 
nections. It  will  merely  show  that  there  has  been  an  interchange  of 
fauna — a  thing  not  at  all  unknown  l)etween  absolutely  unconnected  land 
areas  and  a  thing  for  which  there  was  a  vastly  longer  time  than  we 
ordinarily  have  in  mind  since  it  requires  a  stron<r  effort  for  us  to  bring 
ourselves  to  thinking  in  terms  of  millions  of  years. 


'» The  theory  that  practicaUy  aU  Tertiary  mI|?ratIon  was  by  way  of  the  Arctic  regions 
has  U*on  S4««t  forth  most  clearly  by  W.  D.  Matthew.  It  Is  amplified  and  convincingly  dis- 
cussed In  his  recent  paper  on  "Climate  and  BTolution/'  Annals  N.  Y.  Acad.  Sd.,  VoU 
XXIV,  pp.  171-318.     1916. 

^»  Zool.  .\nzeljr.r.  vol.  XXX VII.  pp.  L'7o-jSJ.      1J»11. 
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In  addition  to,  and  partJj  bec'ause  of,  our  relative  ignorance  of  ancient 
spiders,  we  known  but  little  of  araneid  phylogeny.  We  do  know  that 
Bpidera  were  already  fairly  well  distributed,  at  least  in  the  northern 
hemisphere,  in  the  Carboniferous.  Modern  families  and  even  genera 
were  well  differentiated  jo  Oligocene.  Therefore,  as  far  as  distribution 
problems  are  concerned,  the  present-day  distribution  of  primitive  genei-a 
in  a  given  family  or  even  primitive  species  in  a  given  genus  is  of  as 
much,  or  more,  importance  as  the  present-day  distribution  of  primitive 
families.     "We  unfortunately  lack  a  sufRtient  knowledge  of  the  coiupani- 


Fiii.  B. — mitHbutloH  0/  Anrhaida 
A,  Fouil    (>mber|    Jrrhrza;   B,   Living  Anhixa;  C,  Va  (rimajirhcnfui. 

tive  anatomy  of  spiders  to  enable  us  to  use  such  data  in  the  solution  of 
the  problems  of  distribution.  In  fact,  widely  discontinuous  distribution 
is,  at  present,  the  best  indication  we  have  of  relative  antiquity  and  its 
use  is  rendered  hazardous  by  reason  of  the  possibility  of  polyphyletic 
origins — a  possibility  which  has  been  rendered  more  probable  by  recent 
work  in  experimental  evolution. 

An  analysis  of  the  distribution  of  the  world's  spider  fauna  would  be 
out  of  place  in  this  paper  and  only  a  few  points  which  seem  to  have  a 
bearing  on  the  West  Indian  problem  will  be  taken  up. 

The  family  Archfeidse  is  an  interesting  one  in  this  connection  (see 
figure  5)  since  Baltic  amber  contains  a  genus  {Archaa)  of  which  the 
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only  knowu  living  representativea  are  in  Jladagascar.  Furthermore,  ihe 
only  other  genus  of  the  family  is  confined  to  Patagonia.  Had  it  not 
been  fur  the  fortunate  find  in  Baltic  amber  we  would  not  know  that  the 
familv  ever  occurred  in  the  nortliern  hemispliere  and  a  land  bridge  from 
Patagonia  to  ^ladagosear  in  the  moat  direct  way  compatible  with  sea- 
boltoni  contours  would  receive  additional  strong  support.  As  it  is,  it 
seems  more  probable  that  this  was  once  a  fairly  widespread  family  and 
it  certainly  occurred  in  northern  Europo.  AVe  know  that  prior  to  the 
glaciers  the  cliraat*  of  the  North  Polar  regions  was  mild  or  even  tropical 


Fig,  U. — Dialrlbaiiun  of  lertaln  Btntra  *»onin  from  BalUc  amber 
1.  Sesettria;  S.  Dvtiera;  3.  Brtaut ;  4,  AmauroMiu;  S,  Archira;  0,  Agelcntt;   T. 
Ani/ph:rna.     OuXj  cerlaln   points  In  some  or  tbe  raogsB  are  Indicated,     The  naes 
r^preseot  possible  routes  ol  dlipersal. 

iidd  liundrods  of  ciiiuiii]W)lar  species  point  to  the  interchange  of  fnuna 
Itetweeu  Eurasia  and  North  America,  where  land  bridges,  if  they  ever 
existed,  would  not  need  to  be  long,  so  that  it  really  seems  quite  probable 
tliat  the  genera  of  Archaeidse  which  are  found  in  MadagaBcar  and  Pata- 
gonia respectively  are  merely  remnants  either  of  a  formerly  widespread 
family  or  of  a  northern  family  which  was  driven  south  by  competition 
with  new  forms.  Such  a  movement  is  supported  by  mammalian  fossils 
imd  seems  more  likely  than  a  South  Polar  connection. 

Reference  has  been  made  to  Pocock'a  list  of  seventeen  recent  genera 
found  in  Baltic  amber.     Of  these  we  cannot  consider  here  Aranea  and 
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Zilla  l)m.'ause  tlitir  taxonoiiiv  is  too  unsatisfactory.  J>nisfu.t  has  Ixwii 
split  up  by  authors  but  eveu  one  of  its  parts  is  practically  cosmopolitan. 
Tetragnalha,  Tegetiarxa  and  Philodromus  are  cosmopolitan,  even  includ- 
ing frigid  regions.  Clubtona  is  found  throughout  most  of  the  temperate 
and  tropical  regions ;  ^i'epltila  and  Sprassus  are  cosraotropical ;  and  Thom- 
isvs  is  found  througliout  most  of  the  continental,  at  least,  Old  World. 
Certain  points  in  the  ranges  of  the  other  seven  genera  are  shown  in  figure 
C,  only  those  most  distant  from  the  Baltic  together  with  several  inter- 
mediate stations  being  indicated.     The  BuppoaitioD  that  all  these  seven 


Fin.  ' .—Ditlrittation  of  iSeowlHtnie 
Lines  refer  (o  Segtttria  KDd  dots  to  Ariadna. 

jjfuera  originated  in  tiie  Baltic  region  in,  say,  the  Eocene  would  be  ab- 
surd, but  supposing  that  they  did,  would  not  the  several  million  years 
since  then,  including  as  they  do  a  long  space  of  mild  or  tropical  condi- 
tions in  the  Arctic,  have  been  sufficient  for  the  dispersal  of  these  genera 
more  or  less  along  the  lines  indicated  in  the  figure?  I  feel  that  even 
the  rather  well  authenticated  land  connections  in  the  North  Polar  region 
would  not  be  necessarv,  for  we  must  remember  that  the  distances  ate 
much  shorter  in  the  polar  regions  than  they  appear  to  be  on  a  Mercator's 
projection.  Certainly,  there  seems  to  be  no  need  for  Antarctic  connec- 
tions. The  distribution  of  Arclum  has  already  been  mentioned.  The 
only  other  genus  of  special  note  is  Segestria.     T!ie  discontinuity  of  its 
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distribution  is  tuued  down  by  a  (.■onsideration  of  Ariadna,  a  genus  which 
with  it  forms  the  subfamily  Segcstriinie.  Thus  Segesiria  in  Xew  Zealand 
ip  linked  witli  Asia  by  Ariadna  in  Australia,  Sumatra  and  Ceylon.  See 
figure  7. 

By  selecting  certain  genera  or  groups  of  genera  of  spiders  it  would  be 
easy  to  make  quite  a  list  in  favor  of  a  land  bridge  from  South  America 
to  Africa  and  elsewhere  such  as  that  shown  in  figure  8  which  is  after 
A.  E.  Ortmann's  idea  of  certain  of  the  connections  in  Upper  Cretaceous 
times.     For  example  the  following  genera  might  be  cited:  C'yatholipu» 


Fia.  8. — One  iif  tht  hvpolhelical  Upper  Cretarcoiii  latut  mai«u 

luiil  IJri/mu-ta,  Antilles  and  ISoutb  Africa;  Inrlinollii/reun,  Aniilles,  West 
Africa,  Ceylon  and  Philippines:  Calmtenus.  Antilles,  West  Africa  and 
Ifalasia;  Di/sdiirioijiialha.  Antilles,  Veneitueln.  Egypt,  Ceylon,  Borneo 
iind  Japan;  Ojioixra,'"  Antilles,  Peru,  Colombia,  X'eue^uela,  Africa, 
.\nibin,  Ceylon  and  Philippines;  AnapU,  Antilles.  Venezuela,  Brazil, 
iioltliwL'Bt  Africa  and  New  Caledonia;  Oguhnus.  Antilles,  Brazil  and 
I'cyhui;  Epmnopsis,  Antilles,  Peru  and  ilalay  Peninsula;  Thmliina  and 
Arrola.  .Vntilles,  Venezuela  and  Philiiiiiines;  Heala,  Antilles,  Jlexico  to 
Brazil  and  Africa;  ISijrhca,  Colorado,  Utah,  Texas,  Bi'azil  and  Africa; 
O.riiopi-i'lutt.  Arizona  to  Panainti,  Antilles.  East  Africa,  India  and  Indo- 

^  liiiippil  tht  raoBP  of  <nii'  ■ppclea    i'>.  iltHflinila  Simon)    Is  St.   Vincent.  Vtnpiiiela, 


140  ANNALS  NEW  YORK  ACADEMY  OF  SCIENCES 

China;   Oc/iyrocera,    Pacitic  coast   states,   Mexico,   Antilles,   Venezuela, 
Brazil,  Ceylon  and  tropical  Asia;  and  P/iysocyclus.  California,  Arizona, 
and  New  Mexico  to  Colombia,  Guiana,  Antilles,  Africa  and  tropical  Asia. 
All  of  these  are  on  this  particular  hypothetical  land  mass  and  not  else- 
where, as  far  as  is  known,  except  possibly  several  Peruvian  or  Brazilian 
localities.     They  were  picked  in  a  rather  random  fashion  and  only  Antil- 
lean  genera  were  included,     leaking  the  world  as  a  whole  the  list  could 
be  increased  beyond  the  patience  of  the  reader,  but  what  would  it  prove? 
In  general,  it  proves  that  it  is  possible  to  select  a  long  list  of  genera  and 
even  some  species  which  accord  with  a  certain  hypothetical  land  mass. 
In  particular,  the  tropical  parts  of  the  area  selected  here  includes  some 
of  the  most  important  preserves  of  ancient  types.     We  may  leave  poly- 
phyletic  origin  of  genera  out  of  account  not  only  because  its  occurrence 
is  unproven  but  because  it  would  not  influence  the  case  since  a  similar 
base  from  which  to  get  the  separate  origins  would  be  required  and  hence 
the  problem  would  be  merely  restated,  not  changed.     We  have  then  to 
decide  as  to  which  is  more  leasonable:    (a)   forms  migrated  over  this 
hypothetical  land  mass,  which  crosses  the  Indian  Ocean  and  the  Atlantic 
at  the  Equator,  aJid  then  died  out  or  have  not  been  found  exce|)t  in  cer- 
tain favored  spots  on  this  mass;  or  [h)   forms  spread  over  land  which 
now  exists  and,  if  you  ])lease,  the  shorter  land  connections  but  not  the 
oceanic  ones,  and  have  died  out  or  have  not  been  found  except  in  certain, 
favored  spots.     A  very  readable  and  fair  summary  of  the  arguments  in 
favor  of  the  first  alternative  is  given   in   Scharff's  "Distribution   and 
Origin  of  Life  in  America.'-     He  also  favors  a  second  Atlantic  land  mass 
running  from  the  Antilles  to  the  Mediterranean  region  with  an  otf shoot 
to  Bermuda  and  Xova  Scotia.     A  list  of  spiders  may  be  compiled  from 
the  taxonomic  part  of  this  or  other  papers  which  will  accord  with  this 
bridge.     The  bridge  was  supposed  to  have  existed  in  early  Tertiary  and 
to  have  also  connected  northeastern  America  by  way  of  the  Great  Lake 
end  Rocky  Mountain  regions  with  the  southern  tip  of  South  America. 
Most  of  South  America  was  under  water;  eastern  Brazil  and  part  of  the 
present  Atlantic  bed  formed  a  large  island,  while  part  of  Ecuador  and 
Peru  formed  the  tip  of  a  peninsula  from  the  main  land  mass  which  lay 
in  what  is  now  the  Pacific  and  included  the  Galapagos,  a  strip  running 
across  the  middle  of  Central  America  to  the  Antilles,  and  in  its  north- 
western sweep  reached  from  California  to  Hawaii,  but  just  before  it  got 
to  western  Canada  it  turned  west,  missed  Alaska  and  connected  up  with 
Asia.     The  thing  is  rather  complicated  but  certain  spiders  might  have 
traveled  the  route.     Note  in   this  connection  that  several   genera   and 
groups  of  genera  are  known  from  northeastern  North  America  and  Pata- 
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If 


onia  but  are  only  poorly  or  not  at  all  represented  elsewhere.  However, 
is  it  necessary?  I  think  not.  Even  with  ocean  bottoms  raised  to  form 
connections  where  connections  are  wanted  and  present  continents  sunk 
to  explain  the  absence  of  forms  where  they  are  not  found,  one  must  fur- 
ther make  all  the  assumptions  required  for  the  theory  that  distribution 
has  been  accomplished  by  present-day  land  masses.  Forms  either  origi- 
nated in  America  and  passed  to  the  Old  World  by  way  of  the  Arctic  or 
the  movement  was  in  the  reverse  direction  or,  as  is  more  probable,  both 
are  true.  If  geologA'  demonstrates  that  there  were  land  connections 
there,  the  passage  will  be  seen  to  have  been  easy.  However,  there  is  no 
necessitv  for  such  connections  since  the  distances  are  short  and  the  time 
was  long.  The  more  recent  American  forms  probably  originated,  for 
the  most  part,  in  America.  The  cutting  off  of  the  Arctic  route  by  the 
lowering  of  the  temperature  has  temporarily,  at  least,  prevented  natural 
interchange  between  the  two  hemispheres.  Those  recent  forms  which 
originated  in  the  north  are  adapted  to  temperate  conditions  (which  in- 
cludes more  than  mere  ability  to  withstand  cool  winters)  and  they  have 
replaced  in  the  north  the  old  fauna  which  was  adapted  to  more  tropical 
conditions.  In  the  south  there  are  numerous  remnants  of  this  old  fauna 
together  with  recent  offshoots  of  it.  The  only  assumptions  necessary  for 
this  theory  are  really  statements  of  fact,  namely,  that  the  climate  of  the 
Arctic  was  at  least  mild  in  the  Tertiarv  and  that  manv  formerlv  wide 
ranging  forms  are  now  restricted  in  their  distribution. 

SUMMARY 

To  sunmiarize  what  seems  to  be  the  facts  concerning  West  Indian  spi- 
ders: there  has  been  considerable  movement  between  the  individual 
islands  and  also  between  the  mainland  and  the  islands,  especially  at  the 
two  ends  of  the  island  chain,  even  in  recent  times  when  the  islands  were 
separate  from  each  other  and  from  the  mainland.  It  is  therefore  imnec- 
cssarv  to  suppose  that  such  connections  ever  existed.  Ancient  forms 
have  had  a  longer  time  to  reach  the  islands  than  the  more  recent  ones, 
they  were  adapted  to  a  tropical  environment,  and  the  insular  character 
of  the  area  has  protected  them,  hence  a  large  part  of  the  fauna  consists 
of  relicts  as  is  shown  by  the  relationships  with  South  Africa,  Madagascar, 
Ceylon,  Australia  and  the  Philippines.  Recent  forms  are  now  mingling 
with  and  replacing  the  older  forms. 
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Introduction 

The  series  of  overlapping  yearly  means  of  temperature,  expressed 
graphically,  show  most  characteristic  crests  and  depressions.  In  the  case 
of  tropical  stations,  in  particular,  the  crests  of  the  curves  are  very  regular 
and  occur  at  intervals  of  two  to  three  years,*  practically  at  the  same  time 
all  around  the  world. 

As  a  general  result  of  a  detailed  study  of  the  temperature  data  for  the 
years  1900-1909,  for  Europe,  Greenland  and  North  America,  I  have 
found  some  striking  correlations  between  these  equatorial  variations  and 
the  more  complicated  variations  of  temperate  and  arctic  regions.' 

In  another  study  of  all  available  temperature  data  for  the  years  1891- 
1900,  I  have  shown  that  terrestrial  atmosphere  at  the  earth's  surface 
v.as  warmer  in  1900  than  in  1893  by  at  least  0.5  °C.*  On  the  maps 
representing  the  geographical  distribution  of  the  departures  of  annual 
means  from  the  normals  or  from  the  quasi-normal  values  of  ten-yearly 
means,  the  areas  of  positive  departures  have  been  called  thermopleions 

I       '  ~  ■        r  1    I  I- 

*  Manuscript  received  by  the  Editor,  4  January,  1016. 

=  Hexbyk  Arctowski  :  "The  Solar  Constant  and  the  Variations  of  Atmospheric  Tem- 
perature at  Arequlpa  and  some  other  stations."  Bull.  Am.  Geof?.  Soc,  vol.  44,  p.  698.     1912. 

'  Hkn'rvk  Arctowski  :  "A  Study  of  the  Changes  In  the  Distribution  of  Temperature 
Id  Rurope  and  North  America  During  the  Years  1900  to  1909,"  Annals  N.  Y.  Acad.  ScI., 
vol.  24,  p.  39.     1914. 

*  IlRNRTK  Arctowski  :  I/enchatnemcnt  des  variations  climatlqnes.     Bruzelles,  1909. 
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and  the  areas  covered  by  negative  departures  antipleions.  On  the  curves 
of  overlapping  means,  the  crests  correspond  to  pleions  and  the  depressions 
correspond  to  antipleions.  I  have  presumed  that  the  excess  of  pleions 
over  antipleions,  corresponding  to  pleionian  crests  of  equatorial  stations, 
may  be  due  to  an  increase  of  the  solar  constant.® 

Recently,  many  papers  have  been  published  about  the  influence  of 
volcanic  dust  on  meteorological  phenomena,  on  atmospheric  temperature 
in  particular.  I  will  simply  cite  the  extensive  researches  of  W.  J. 
Humphreys,^  C.  G.  Abbot  and  F.  E.  Fowle^  and  of  H.  H.  Kimball.* 
Humphreys,  in  particular,  does  not  hesitate  to  admit  "that  volcanic  dust 
must  have  been  a  factor,  possibly  a  ver\'  important  one,  in  the  production 
of  many  past  climatic  changes.^' 

The  hypothesis  ascribing  the  origin  of  climatic  variations  to  the  pres- 
ence of  volcanic  dust  veils  in  the  higher  atmospheric  layers  is  a  very 
plausible  argument  against  my  supposition  that  the  changes  in  terrestrial 
temperature  are  due  to  cosmical  causes.  Before  going  any  farther  in 
my  researches  on  the  mode  of  formation  and  the  dynamics  of  pleionian 
variations,  it  was  therefore  necessary  to  find  out  to  what  extent  one  may 
be  justified  in  supposing  that  the  antipleionian  depressions  of  tempera- 
ture are  simply  caused  by  the  presence  of  volcanic  dust  veils. 

In  this  paper  I  will  show  that  though,  in  some  cases,  volcanic  eruptions 
may  have  influenced  atmospheric  temperature  very  greatly,  this  cause  of 
climatic  variations  is  purely  accidental  and  secondary,  and  that  the 
pleionian  phenomenon  is  independent,  in  its  cause,  of  the  (KTurrence  of 
volcanic  dust  veils. 

Volcanic  Eruptioxs  of  the  Years  1883,  1902  axd  1912 

Although  we  know,  from  geological  rec*ords,  that  the  volcanic  activity 
of  the  earth's  crust  has  imdergone  important  changes,  and  although  the 
historical  data  indicate  that  seismic  and  volcanic  phenomena  have  varied 
in  intensity  and  frequency,  our  knowledge  of  these  fluctuations,  of  long 
as  well  as  of  short  duration,  is  most  unsatisfactory. 

Papers  on  a  possible  relationship  between  sun-spots  and  volcanic  phe- 

»  Hbnrtk  Abctowski  :  "About  CHmatic  VarlatlonK,"  Amor.  .Tour.  Scl..  vol.  37,  p.  305. 
1914. 

•W.  J.  HuMPHBRYS  :  "Volcanic  Duat  and  Other  Factors  In  the  Production  of  Climatic 
Chanfires  and  Their  Possible  Relation  to  Ice  Afres,"  Bull.  Mount  Weather  Ob^rvatory. 
TOl.  6,  p.  1.     1013. 

»  C.  G.  Abbot  and  P.  B.  Powle  :  "Volcanooi*  and  rilmate."  SmlthR.  Misc.  Coll.,  vol.  00, 
No.  29.     1913. 

*HEBBnT  H.  Kimball:  "The  Relation  Between  Solar  Radiation  Intensities  and  the 
Temperature  of  the  Air  In  the  Northern  Hemisphere  In  1012-13,"  Bull.  Mount  Weather 
Observatory,  vol.  6,  p.  205.     1914. 
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iiomena  have  been  published  by  Yj,  Kluge,*  Joseph  O'Reilly,***  Charles 
Zenger,"  H.  I.  Jensen'-  and  others.  As  will  be  seen  later,  a  ven^  sug- 
>;estive  conclusion  may  also  be  derived  from  the  annual  frequency  list  of 
\olcanic  eruptions  compiled  by  Leo  Kelley.  If,  therefore,  some  striking 
coincidences  between  changes  of  atmospheric  temperature  and  the  in- 
( rease  of  frequency  or  violence  of  volcanic  eruptions  exist,  the  existence 
of  these  coincidences  is  a  very  inadequate  argument  in  favor  of  the 
liypothesis  that  the  variations  of  temperature  are  due  to  volcanic  dust 
veils,  since  both  phenomena,  the  volcanic  paroxysms  as  well  as  the  coin- 
cident temperature  changes,  may  be  the  effect  of  some  common  extra- 
terrestrial factor. 

In  this  study,  however,  only  the  volcanic  eruptions  of  an  explosive 
character  have  to  be  taken  into  special  consideration.  Moreover,  it  is 
only  when  volcanic  dust  has  been  projected  in  great  quantity  above  the 
ordinary  elevation  of  the  cirrus  clouds,  that  is  to  say  to  an  altitude  of 
8,000  m.  or  higher  up,  that  this  dust  could  remain  in  suspension  long 
enough  to  be  spread  out  all  around  the  globe  by  the  winds  of  the  lower 
stratosphere. 

In  the  case  of  the  famous  Krakatoa  eruption  of  1883,  the  optical 
l)henomena  produced  by  the  volcanic  dust  veil  have  been  studied  ver}' 
extensively.  For  reference  it  will  be  sufficient  to  cite  the  reports  of 
R.  D.  M.  Verbeek^^  and  of  the  Royal  Society.** 

Krakatoa  is  a  small  island  between  Sumatra  and  Java  and  lies  6°  S. 
lat.  The  explosion  occurred  on  August  27,  1883.  The  main  sky  phe- 
nomenon produced  by  the  dust  went  around  the  world  in  fifteen  days 
from  east  to  west  along  the  equator,  spread  out  north  and  south,  was 
obsen^ed  in  the  Gulf  of  Mexico  by  the  end  of  September  and  all  over  the 
States  in  November.  The  extraordinary  twilight  phenomena  have  been 
well  described  by  J.  Kiessling.*'  One  of  these  phenomena,  the  Bishop's 
ring,  has  been  the  subject  of  many  investigations.^*    The  actinometric 


*  K.  Klitob  :  *'Ueber  elnlge  neue  Forschungen  auf  dem  Gebiete  des  Vnlkanlsmns.'* 
S^itHch.  d.  deut.  geol.  Oes..  vol.  15,  p.  377.     1868. 

<*  Joseph  P.  O'Reilly  :  "On  the  Dates  of  Volcanic  Eruptions  and  Their  Concordance 
with  the  Sun-spot  Teriod/'  Proc.  Roy  Irish  Acad.,  3  ser.,  vol.  5.  p.  302.     1899. 

"  Cii.  v.  Zbngrr  :  **La  th^orie  ^lectrodynamlque  du  monde  et  les  Eruptions  volcaniquea 
et  Rrands  slsmes/'  Assoc,  franc.  P*  I'avanoement  des  sciences,  Sess.  33,  p.  572.     1904. 

"  H.  I.  Jensen  :  "Possible  Relation  Between  Hunspots  and  Volcanic  and  Seismic  Phe- 
nomena and  Climate,"  Jour.  Roy.  Soc.  of  New  South  Wales,  vol.  38,  p.  40.     1004. 

'3  U.  I).  M.  Vkrrkek  :  Krakatau.     Batavia.  1885. 

'*  <\.  J.  Symonk  :  The  KniptJon  of  Krakatoa  and  Subsequent  Phenomena.     Ix>ndon,  1888. 

'^J.  KiKSHLiNO :  Untersuchuniaren  (il)er  Dftmmerungserschelnunpren  sur  Erklftrung  der 
nach  dem  Krakatau-Ausbruch  beobachteten  atmosph&risch-optlschen  St5nmg.  Hambarg, 
1888. 

'« J.  M.  Perntek:  Meteorologlsche  Optik,  pp.  469,  769.     Wlen,  1902-10.     See  also  — 
Skrkno  Bishop  :  "The  Origin  of  the  Red  Glows,"  Amer.  Meteor.  Jour.,  vol.  3,  pp.  127, 
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obsen^ations  made  by  A.  Crova/^  at  Montpellier,  have  frequently  been 
cited  as  a  proof  of  the  decrease  of  solar  radiation  due  to  a  purely  ter- 
restrial cause.  Curiously  enough,  the  effect  of  the  Krakatoa  dust  veil 
on  atmospheric  temperature  seems  to  have  attracted  no  special  attention. 
Besides  the  Krakatoa,  other  volcanoes  were  very  active  during  the  year 
1883.  Of  these  St.  Augustin^®  and  BogosloP®  of  the  Aleutian  chain  of 
islands,  as  well  as  the  Ometepe,^®  may  be  mentioned.'^  The  violent 
eruption  of  St.  Augustin,  which  occurred  on  October  6,  is  of  particular 
interest.  St.  Augustin  is  an  island  south  of  the  Alaskan  peninsula 
(position— 153^  25'  W.,  59°  18'  N.).  The  explosion  split  the  island 
in  two,  from  peak  to  base,  while  the  greater  portion  of  the  northern  half 
of  the  volcano  was  blown  away. 

The  study  of  the  temperature  data  for  the  year  1902  is  also  of  special 
interest,  not  only  because  during  that  year  the  world's  volcanic  activity 
was  greatly  intensified,  but  also  because  some  of  the  explosive  eruptions 
which  occurred  undoubtedly  produced  a  dust  veil  in  the  higher  layers  of 
the  atmosphere. 

A  decrease  of  solar  radiation  has  been  observed  by  Henri  Dufour-^  in 
Lausanne,  by  Harvey  N.  Davis^^  in  Providence,  by  H.  H.  Kimball-*  in 
North  Carolina,  by  S.  P.  Langley^**  in  Washington,  by  L.  Gorczynski**' 
in  Warsaw,  and  this  decrease  has  generally  been  ascribed  to  the  presence 
of  volcanic  haze. 

In  1901  the  outbursts  of  Mt.  Colima,  Mexico,  were  more  frequent  and 
more  intense  than  during  the  preceding  years.     The  same  was  true  in 

"  A.  Cbova  :  "Sur  les  observations  actinom^triques  faltes  &  MontpeUler,"  Comptes 
Rendiis . . .  vol.  106,  p.  810.     1888. 

*•  George  Davidson  :  "Notes  on  the  Volcanic  Eruption  of  Mount  St  Augustin/*  Science. 
YOl.  3.  p.  186.     1884. 

"  C.  Hart  Merbiam  :  "Bogoslof,  our  Newest  Volcano,"  Harrlman  Alaska  Expedition, 
vol.  2,  p.  291.     1901. 

»G.  Mercalli:  Vulcanl  attivl  della  terra,  p.  356.    Mllano,  1W)7. 

"  C.  W.  C.  FcCHs  :  "Die  vulkanlschen  Erclgnlsse  des  Jahres  1883,"  MIn.  u.  petrojrr. 
Mftth.,  vol.  6  n.  P.,  p.  185.     1885. 

«  Hevri  Dufour  :  *'Sur  la  diminution  du  rayonnement  solalre,"  Comptes  rendus.  vol. 
86,  p.  713.     1903. 

>*  Harvet  N.  Davis  :  "Observations  of  Solar  Radiation  with  the  AngstrOm  Pyrheli- 
ometer,"  Monthly  Weather  Rev.,  vol.  31,  p.  275.     1903. 

*•  H.  H.  Kimball:  "Observations  of  Solar  Radiation  with  the  AngstrOm  Pyrhellometer 
at  AshevIIle  and  Black  Mountain,  N.  C."  Monthly  Weather  Rev.,  vol.  31,  p.  320.     1903. 

See  also  same  author:  "Solar  Radiation,  Atmospheric  Absorption  and  Sky  Polariza- 
tion, at  Washington,  D.  C,"  Bull.  Mt  Weather  Observatory,  vol.  3,  p.  110.     1910. 

^  S.  P.  Langley  :  "On  a  Possible  Variation  of  the  Solar  Radiation  and  its  Probable 
Bffect  on  Terrestrial  Temperatures,"  Astroph.  Jour.,  vol.  19.  p.  305.     1904. 

^  liADiSLAR  GoRCZTVSKi :  "Sur  la  diminution  de  l*intenslt6  du  rayonnement  kolaire  on 
1902  et  1903,"  Compt  Rend.  . .  .  vol.  138,  p.  255.     1904. 

Same  author:  "Quelques  renselgnements  sur  la  depression  du  rayonnement  solairo  A 
Varsovie  en  1903,"  Bull.  M^t^r.  du  depart,  de  TH^rault.     Montpellier,  1906. 
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1902  and  even  more  so  in  1903.  The  continuous  observations  of  Mt. 
Colima  made  at  the  Zapatlan  Observatory'^  from  1893  to  1905  give,  for 
the  years  1900  to  1904,  the  following  frequencies  of  days  during  which 
eruptions  designated  "erupci6n  grande"  have  been  recorded :  15,  41,  37, 
101,  2.  According  to  C.  G.  Abbot,*®  a  photograph  taken  on  March  7, 
1903,  shows  a  column  of  ashes  reaching  an  altitude  of  about  17  miles. 
This  figure  is  a  simple  estimate  and  may  be  exaggerated. 

On  May  7,  1902,  La  Soufri^re,  St.  Vincent,  was  in  violent  eruption. 
'•'The  particular  feature  of  this  eruption  was  the  enormous  amount  of 
dust  which  was  thrown  into  the  air  and  distributed  over  a  vast,  somewhat 
elliptical  area.  .  .  .  The  British  steamship  'Coya^  had  an  eighth  of 
an  inch  of  volcanic  dust  from  this  volcano  fall  on  her  deck  when  she  was 
two  hundred  seventy-five  miles  east-southeast  of  St.  Vincent.^'  *•  On 
May  8,  1902,  a  sea  of  fire  destroyed  St.  Pierre,  Martinique.  The  follow- 
ing violent  eruptions  of  Mt.  Pel6  occurred  on  May  20  and  26,  June  6, 
July  9  and  August  30. 

The  influence  these  eruptions  may  have  had  on  the  thermal  trans- 
parency of  the  higher  atmospheric  layers  is  questionable.  The  excellent 
photographs  taken  by  A.  Lacroix*®  show  indeed  that  the  occasional  blasts 
of  incandescent  gases  and  ashes  did  not  exceed  an  altitude  of  4,000  m. 
Only  an  extremely  small  portion  of  the  projected  pulverized  ashes  must 
liave  reached  the  average  altitude  of  the  cirrus  clouds  or  even  the  strato- 
sphere. This  may  not  have  been  the  case  in  the  violent  eruptions  of  the 
Santa  Maria  volcano,  in  Guatemala.  The  eruption  began  on  October  24,' 
1 902.  An  eye-witness  writes :  "During  the  first  four  days  of  the  eruption 
no  view  could  be  had  of  the  rising  crater-cloud  from  the  immediate 
vicinity  of  the  volcano.  Onlv  at  a  distance  of  fortv  miles  to  the  north 
«ind  east  could  the  erupted  sand  and  smoke  be  seen  against  the  sky.  .  .  . 
Two  days  later  1  had  another  opportunity  to  view  the  eruption  from  a 
distant  hill  under  a  clear  sky,  and  in  the  day.  The  appearance  then  was 
as  follows :  The  peak  of  Santa  Maria  was  sharply  delineated  against  the 
sky.  To  the  westward  or  oceanward  of  this  pyramid  rose  every  few 
minutes  immense  masses  of  globular  clouds,  like  steam  and  smoke  thrown 
out  of  a  locomotive  when  it  first  starts.     The  clouds  rose  to  a  height  of 

^  S.  Diaz  :  Efcmerides  d4l  volcan  Colima.    Mexico,  1906. 

="  C.  G.  Abbot  :  **Do  Volcanic  Explosions  Affect  our  Climate?"  Nat.  Geog.  Mag.,  vol.  24, 
p.  isi.     1913. 

Jose  Maria  Arreola  :  "Brief  Notice  of  the  ObseririitlonB  of  Colima,**  Jour.  Geol.,  vol. 
11.  p.  751.     1903. 

»  Edmund  Otis  Hovbv  :  ''Martinique  and  St.  Vlnctnt;  a  I*peliminary  Repfi»rt  upon  the 
Kniptlons  of  1902."  Bull.  Am.  Mus.  Nat.  Hist.,  vol.  26,  p.  333.     1902. 

*•  A.  T^CRoix  :  La  montagne  Pel^  et  ses  ^raptiolui.  •  Paris;  1^04.        - 
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20,000  feet  above  the  crater  in  three  or  four  seconds."  .  .  .'*  The  fall 
of  ashes  was  observed  principally  in  a  northwestern  and  northern  direc- 
tion. In  Chicharras,  on  the  Mexican  border^  the  thickness  of  ashes  that 
fell  on  the  ground  was  420  mm.,  whereas  in  Oaxaca  and  San  Juan 
Bautista  only  5  mm.  were  observed.*^ 

The  eruption  of  the  Mua,  on  Sawaii  of  the  Samoa  Islands,  which  oc- 
curred October  30,  1902,  was  not  violent  enough  to  be  taken  into  con- 
sideration.*^ The  same  may  be  said  about  the  Isalco  eruption,  in  Sal- 
vador.** On  the  contrary,  the  Tori-shima  eruption  of  August  7  and  9, 
1902,  seems  to  have  been  very  violent.  Eeports  of  this  eruption  have 
been  published  by  F.  Omori  and  others  of  the  Imperial  Earthquake  In- 
vestigation Committee,  but  these  publications  were  not  accessible  to  the 
writer. 

There  can  be  no  doubt  that  during  the  year  1902  a  considerable  quan- 
tity of  pulverized  lava  must  have  been  projected  into  the  higher  layers 
of  the  atmosphere,  above  the  clouds.  Bishop's  ring  was  observed  anew,*"* 
as  well  as  extraordinary  twilight  phenomena;*®  but  a  comparison  is  hardly 
possible  with  those  which  were  due  to  the  Krakatoa  eruption.  One  single 
\olcanic  explosion,  if  sufficiently  violent,  may  therefore  obscure  the 
stratosphere  very  much  more  than  a  score  of  violent  eruptions  of  a  less 
explosive  character. 

This  seems  to  have  been  the  case  of  the  Katmai  eruption.  "Katmai 
volcano  is  in  the  Aleutian  Bange,  Alaska,  latitude  58°  N.,  longitude  155° 
W.  approximately.  On  the  afternoon  of  June  6,  1912,  it  suddenly  be- 
came explosively  eruptive,  continued  in  a  state  of  great  a^jtivity  for  about 
three  days,  and  was  reported  to  be  still  somewhat  active  at  the  end  of 
October,  1912."*^     For  particulars  I  will  refer  to  an  account  published 


*^  GusTAV  BiREN  :  "The  Earthqoake  and  Volcanic  Eruption  In  Guatemala  In  1902." 
Bull.  Am.  Oeog.  Soc..  vol.  35,  p.  301.     1903. 

**  Karl  Sapper  :  "Die  vulcaniscben  EreifrnlBse  in  Mittelamerika  im  Jahre  1902."  N. 
Jahrb.  f.  Miner.,  Jahrg.,  1904,  yoL  1,  p.  39.  See  also  Alfred  Bbroeat  :  "Die  Produlcte 
der  letsten  Eruption  am  Vulkan  S.  Maria  in  Guatemala,**  Centr.  f.  Mineral.,  Jahrg. 
1903,  p.  112. 

"  Georo  Wegener  :  *'Die  vulkanischen  Ausbrttche  auf  Sawaii,*'  Zeit.  Gesell.  f.  Erdkunde 
xu  Berlin,  p.  208.     1903. 

**Karl  Sapper:  "Die  jttngsten  EreignlBse  am  Vulkan  Isalco,'*  Centr.  f.  Mineral.. 
Jahrg.  1903.  p.  103.     1903. 

••  F.  A.  FoREL :  "Le  cercle  de  Bisbop  de  la  Montague  Pel6e  1902-1904,**  Arcb.  Sc.  Phy8. 
et  Nat.,  Ser.  4,  vol.  19,  p.  229.     1905. 

*  P.  Grunbb  :  ''Ueber  die  neuen  D&mmemngseracbelnunsen,*'  Mitt,  naturf.  Gesell.  Bern, 
a.  d.  J.  19a%  p.  1.     1904. 

B.  Marchand:  "Lea  luenn  cr^BseolalrM  et  pb^nomtaes  connezeB,*'  Annuaire  Soc. 
Matter.  Prance,  vol.  53,  p.  40.     1905. 

"Herbert  H.  Kimball:  "Tbe  Effect  upon  Atmospberic  Transparency  of  tbe  Eruption 
of  Katmai  Volcano,"  Montb.  Weather  Rev.,  vol.  41,  p.  153.     1913. 
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in  the  National  Geographic  Magazine."  A  summary  of  tlie  effects  of 
the  Katmai  eruption  on  atmospheric  optical  phenomena  has  been  given 
by  J.  Maurer  and  C.  Dorno.^" 

The  fact  that  the  Katmai  eruption  occurred  in  a  far  northern  latitude, 
and  has  not  been  followed  by  similar  volcanic  outbreaks  in  other  parts 
of  the  world,  is  most  valuable.  Since  the  general  atmospheric  circulation 
of  the  southern  hemisphere  is  independent  of  that  of  the  nortliern  hemi- 
sphere, it  is  difficult  to  imagine  how  the  haze  produced  by  the  Katmai 
eruption  could  have  been  carried  south  of  the  equator.  If  therefore  we 
observe,  on  the  temperature  curves  of  stations  belonging  to  the  southern 
hemisphere,  great  similarities  in  the  details  of  the  curves  of  stations 
belonging  to  the  northern  hemisphere,  attributed  to  the  presence  of  vol- 
canic haze,  it  is  evident  that,  however  incomplete  our  knowledge  of  the 
general  atmospheric  circulation  may  be  considered,  the  supposed  volcanic 
dust  influence  must  \ye  discarded. 

Some  argumentation,  however,  leaves  the  question  open  for  discussion. 
The  correlations  between  the  seasonal  variations  of  far  distant  stations, 
first  noticed  by  H.  W.  Dove*®,  then  later  more  extensively  studied  by 
11.  F.  Blanford,*^  11.  H.  Hildebrandsson,"  J.  Hann,«  H.'  G.  Lyons,** 
Felix  M.  Exner,**  K.  C.  Mossman***  and  others,  show  that  one  may  pre- 
sume that  an  anomaly  at  one  "center  of  action'*  of  atmospheric  circula- 
tion of  one  hemisphere  will  produce  a  similar  anomaly  at  a  corresponding 
station  belonging  to  a  correlated  "center  of  action"  of  the  other  hemi- 
sphere. I  suppose  that  the  number  of  stations  for  which  temperature 
records  have  been  compared  is  sufticienl  tx)  eliminate  the  possibility  of 
such  an  argument. 


"  Groroe  C.  Martin  :  **The  Ucccnt  Eruption  of  Katmai  Volcano  in  Alaska,"  NaC 
(ioog.  Ma^.,  vol.  24,  p.  131.     lOl.S. 

» J.  Maureb  and  C.  Dorno  :  "Ueber  den  Verlauf  und  die  geoffraplilRche  Vcrbrvltung: 
der  atmospherlRch-optlflchen  Stoning  1012-1013/*  Meteor.  Zelt.,  vol.  31.  p.  49.     1914. 

*>  II.  W.  Dove  :  NIcht  perlodhche  VerUndemngen  der  Verbrcltung  der  Wilrme  auf  dcr 
Erdol)erflllcho.     Berlin.  1H09. 

*^U.  F.  Bi^wpord:  "On  the  Barometric  See-saw  between  Uuafiia  and  India  In  the 
Sun-spot  Cycle,"  Nature,  vol.  21,  p.  477.     1880. 

^'H.  II.  IIiLDEBRAXDHsox  :  **QuelqueR  recherches  sur  les  centres  d'actlon  de  Tatmos- 
phere,"  K.  Svenska  Vvtensk.  Akad.  Handllngar,  vol.  20,  no.  3,  vol.  32,  no.  4,  vol.  46, 
no.  2,  vol.  45.  no.  11.     1807,  ISIM),  1000.  1010. 

«*J.  IlANN  :  "Die  Anomallen  der  Wittening  auf  Island  in  dem  Zeltraume  1861-1900 
and  deren  Beslehungen  zu  den  glelchseitigen  Wltterungsanomallen  in  Nordwestearopa,*' 
Sltz.  Math,  nat  Kl.  K.  Akad.  d.  Wiss..  vol.  113.  II  a,  p.  188.     Wlen,  1004. 

**  II.  <;.  Lyonh  :  The  Thyslography  of  the  River  Nile  and  its  Basin.     <^airo,  imMl. 

*-'  Felix  M.  Kxnkr  :  "Ueber  monatliche  Witteningsanomalien  auf  der  nArdllcheii  Erd- 
hfllftc  im  Winter,*'  Sits.  K.  Akad.  Wiss.  Math.-Naturw.  Klasae.,  vol.  122,  II  a,  p.  1166. 
Wien,  1013. 

**  R.  C.  MoasMA.v  :  "Southern  Hemisphere  Seasonal  Correlations,"  Symons's  Met. 
vol.  48.     London,  1013. 
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PiKE*8  Peak  Tkmperatltke  Records 

The  meteorological  observations  made  on  the  summit  of  Pike'M  Peak- 
extend  through  the  years  1874-1887.  It  seems  to  me  that  the  records 
of  this  station — situated  near  the  center  of  the  North  American  conti- 
nent, at  an  altitude  of  14,111  feet — may  be  considered  as  being  most 
reliable  material  for  the  study  of  the  influence  of  the  dust  veil  of  the 
years  1883  and  1884,  upon  temperature  conditions  in  the  United  States. 

Table  I  gives  the  recorded  mean  monthly  temperatures  (5  a.  m.,  1,  9 
p.  M.)  expressed  in  departures  from  the  corresponding  monthly  means 
of  the  entire  series  of  observations.*^  In  Figure  1  the  consecutive  twelve 
monthly  means  are  represented  graphically.     On  this  diagram,  one  notices 


Pio.   1. — Curve  of   the  conaecutive  means  of  temperature   ohservetl  on  the   summit  of 

Pike's  Peak 

immediately  that  the  curve  is  abnormal  between  the  crests  C  and  E,  that 
in  order  to  have  a  more  regular  variation,  we  ought  to  have  a  crest  (Z>) 
in  place  of  the  depression  K,  Admitting  the  existence  of  such  a  crest, 
we  have  intervals  of  33,  27,  about  31  and  about  35  months  between  the 
crests  and  30,  33,  25  and  31  months  between  the  depressions.  These 
figures  are  similar  to  those  obtained  from  the  records  of  many  other 
stations.  But,  as  on  the  curves  expressing  the  succession  of  consecutive 
means  for  longer  series  of  observations — for  example  those  of  Batavia, 
New  York,  Rome,  Warsaw  and  Stockholm,  which  are  at  present  at  my 
disposal — the  pleionian  crests  do  not  always  reoccur  at  approximately 
regular  intervals  and  seem  to  be  missing  sometimes,  just  like  the  pre- 
sumed crest  (Z>),  the  fact  that  the  Pike's  Peak  curve  shows  a  long  in- 

^Annalf  Aitron.  Obs.  Harrard  CoUege,  toI.  22,  p.  457.    1880. 
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terval  between  the  crests  C  and  E,  of  nearly  six  years  or  the  double  of 
the  interval  generally  observed,  cannot  be  considered  as  an  argument  in 
favor  of  a  correlation  between  the  temperature  depression  K  and  the 
eruptions  of  Krakatoa  and  St.  Augustin.  But  the  drop  of  temperature 
for  the  mean  of  Xovember,  1882, -October,  1883,  coincides  with  the  ap- 
pearance of  the  Krakatoa  veil  in  the  States  and  also  with  a  possible 
influence  of  the  St.  Augustin  eruption,  so  that  a  simple  chance  circum- 
stance can  hardly  be  admitted.  Then  the  cune  starts  up,  just  as  it  went 
up  before  the  consecutive  mean  ending  with  October,  1883,  and  this 
tendency  is  maintained  for  a  few  months.  The  small  crest  d  in  the 
depression  K  seems  to  be  another  detail  showing  clearly  that  this  de- 
pression is  abnormal,  that  it  is  not  a  true  antipleionian  depression. 

Besides,  on  the  table  of  monthly  departures,  we  notice  the  exceptional 
figure — 5.1  °F.  for  October,  1883,  and  the  succession  of  negative  de- 
partures for  the  year  1884. 

In  order  to  show  that  the  depression  A'  was  really  abnormal  and  that 
under  normal  conditions  we  ought  to  have  had  a  pleionian  crest  (D)  in 
place  of  this  depression,  I  will  consider  now  the  consecutive  temperature 
curve  of  Port  Darwin,  a  station  of  North  Australia,  12°  28'  lat.  S. 

Temperatures  at  Port  Darwin  and  some  other  Stations 

In  Table  II  the  monthly  temperatures  for  the  years  1880-89  are  given 
in  departures  from  the  means  figuring  on  top  of  the  table.*®  The  dia- 
gram (Fig.  2)  represents  the  succession  of  consecutive  annual  means. 


Fio.  2. — Thermopleionian  variation  of  Port  Darwin 

A  comparison  of  Figures  1  and  2  shows  striking  similarities  between 
the  two  curves.     I  marked,  therefore,  the  crests  of  the  Port  Darwin  curve 


^Meteor.  Obseryat  made  at  the  Adelaide  Observatory. .  .durlnsr  the  year  1880. .  .1880. 
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with  the  letters  C,  (Z>),  E  and  F,  expressing  that  way  my  view  that  the 
variations  are  identical. 

However,  a  very  important  difference  must  be  noted  at  once ;  it  is  the 
difference  in  time  of  the  occurrence  of  the  same  pleionian  crests  and 
antipleionian  depressions.  The  Pike's  Peak  maxima  occur  ten  or  eleven 
months  later  than  those  of  the  Port  Darwin  curve.  Now,  the  distance 
between  the  crests  C  and  E  is  in  both  cases  67  months.  Some  of  the 
details  of  the  crest  C  of  Pike's  Peak,  as  well  as  of  the  depression  that 
followed,  may  be  easily  observed  on  the  corresponding  crest  and  depres- 
sion of  the  Port  Darwin  curve.  If,  therefore,  the  missing  pleion  of  the 
Pike's  Peak  curve  appears  very  plainly  on  the  Port  Darwin  curve,  as  it 
does,  we  are  justified  in  presuming  that  the  interval  of  more  than  5  years 
separating  the  crests  C  and  E  on  the  Pike's  Peak  was  indeed  abnormal, 
as  well  as  the  depression  Kj  and  that  this  anomaly  must  be  ascribed  to 
the  Krakatoa  dust  veil. 

The  crest  (D)  of  Port  Darwin  is  not  developed  to  its  normal  value. 
On  the  diagram  the  dotted  line  indicates  the  portion  which  must  be  con- 
sidered as  having  been  cut  away.  The  anomaly  begins  with  the  consecu- 
tive mean  of  October,  1882,  to  September,  1883,  that  is  to  say,  just  one 
month  sooner  than  on  Pike's  Peak.  This  anomaly  is  not  ten  or  eleven 
months  in  advance  on  the  corresponding  detail  of  the  Pike's  Peak  curve, 
but  just  one  month  and  occurs  one  month  later  than  the  Krakatoa  erup- 
tion— when  the  dust  veil  reached  Port  Darwin,  after  having  traveled 
twice  around  the  world  along  the  equator.  The  duration  of  the  anomaly 
extends  from  the  mean  of  October,  1882,-September,  1883,  till  the  mean 
of  February,  1884,- January,  1885,  or  17  months.  The  same  figure  may 
be  adopted  in  the  case  of  the  Pike's  Peak  curve. 

An  important  question  arises  now.  Is  it  possible  to  estimate  the  lower- 
ing of  temperature  due  to  the  presence  of  the  Krakatoa  dust  veil  ?  Ac- 
cording to  the  dotted  lines  of  the  diagrams  the  lowering  of  the  tempera- 
ture for  the  consecutive  mean  of  September,  1883,-August,  1884,  may 
have  been  1.9  °F.  in  the  case  of  Port  Darwin  and  3.4  **F.  in  the  case  of 
the  Pike's  Peak  observations.  But  this  is  an  estimate  of  no  scientific 
\alue.  The  departures  of  Tables  I  and  II  are  of  no  help.  It  would  be 
necessary  to  know  what  these  departures  ought  to  have  been.  I  imagine 
it  would  be  possible  to  attempt  the  calculations  by  tracing  maps  and  by 
comparison  of  the  temperature  conditions  of  the  dust-affected  regions 
with  those  over  which  the  dust  veil  was  not  spread  out.  But  even  in  that 
case  comparisons  would  be  most  diflScult,  because  we  do  not  know  how 
the  dust  veil  affected  the  general  atmospheric  circulation  or  how  the 
abnormal  conditions  of  one  region  affected  the  temperatures  of  other 
regions  mechanically. 


ARCTOWSKI,  VOLCAMC  DUST  VEILS 


161 


The  curve  of  the  consecutive  means  of  the  temperatures  observed  at 
the  Batavia  observatoiT  confirms  the  results  obtained  so  far.  So  do  the 
curves  of  Singapore,  Port  Blair,  Colombo,  Bombay  and  Aden,*"  which 
are  reproduced  in  Figure  3. 

The  curves  of  Bombay  and  Port  Blair  show  distinctly  the  antipleionian 
depressions  preceding  and  following  the  abraded  pleionian.  crest.     At 


lift  %\xir. 


ColotnLo 


%i       1136 


FiQ.  3. — Temperature*  recorded  at  aome  Asiatic  atatione 

Port  Blair  the  pleion  is  less  depressed;  at  Aden  the  most.  If  the  lowest 
mean  of  the  two  years  following  the  Krakatoa  eruption  expresses  the 
maximum  effect  of  the  dust  veil,  we  must  say  that  this  maximum  effect 
was  not  simultaneous  at  the  different  stations  taken  into  consideration. 
The  following  tabulation  gives  the  periods,  as  well  as  the  lowering  of  the 
mean  below  the  value  of  the  last  unaffected  consecutive  mean. 


^  Singapore  from :  *'Met  obs.  at  tbe  foreign  and  oolonial  stations  of  the  Royal  Engi- 
neers . . .  1852-1886."     London,  1 800. 

The  other  stations  from:  "Report  on  the  meteorology  of  India  in  1880. .  .1800." 
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Kke'it  Peak .  Sept.  18S3-Aug.  I8S4 : 1  0  °F.  below  the  n 
Port  Blair...  Dec.  18B3-Nof.  1884: 1.4 
Bombay....  June  18S3~May  16S4  :0.e 
Singapore...  Sept.  IS8:(-Aug  I8S4:06 

Aden July  ]883-J»ne  1884 ;  0.7 

Colombo, . . .  Nov.  l&S3-Oct.   1884 : 0.7 
Port  Blair...  Nov.  lS83-Oct   1884:0.2 


n  of  Sept.  l8S2-Au)i.  1S83 


Temi'khatubes  at  Fort-de-Fhancb,  Mahtiniqce 

During  the  terrific  eruptions  of  Mt.  Pel^,  on  May  8  and  20,  1902,  the 
usual  meteorological  observations  were  made  at  Fort-de^France.  In 
Table  III  the  monthly  mean  temperatures  are  given  id  form  of  departures 
from  the  corresponding  means  of  the  years  1900-1909  and  in  Figure  4 
ihe  curve  A  represents  these  departures  graphically.     Curve  B  shows  the 


ITia  4. — Tein»*nitiire  rBconl*  si  Fort-Ja-FraiKe    ' 

L  of  consecutive  yearly  means  and  C  gives  the  values  of  tlie 
differences  between  the  monthly  mean  maxima  and  minima.  This  last 
curve  indicates  the  changes  of  the  range  of  the  diurnal  variation  of 
temperature.  On  the  average,  the  lowest  value  is  observed  in  July  and 
the  highest  in  March.  The  respective  mean  values  for  the  different 
months  are:  S°.Z2,  8°.72,  8°.95,  8°.72,  7°.78,  7°.18,  6°.99,  7°.55,  7°. 97, 
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8**. 14,  8°. 17  and  8°.02  C.  Curve  C  indicates  a  long  range  variation 
completely  independent  of  the  temperature  variation,  which  has  a  maxi- 
mum in  1902  and  a  minimum  in  1910,  as  can  be  seen  on  curves  .4  and 
B,  The  data  which  I  collected  some  years  ago  from  the  observations  of 
Bussian  stations'^®  give  the  result  that  these  long-range  variations  of  the 
values  of  the  mean  diurnal  oscillations  of  temperature  differ  from  one 
region  to  another  and  that  these  variations  correspond  to  changes  of 
cloudiness.  An  increase  of  cloudiness  diminishes  the  average  daily  range 
of  temperature.  Considering  now  the  trend  of  the  curve  we  notice  a 
more  or  less  progressive  increase  of  the  values  from  1901  to  1904.  This 
is  just  the  contrary  of  what  would  be  expected.  At  Fort-de-France  the 
daily  range  of  temperature  has  therefore  not  been  greatly  affected  by  the 
dust  veils  produced  by  the  eruptions  of  Mt.  Pel6,  Sta.  Maria  and  Mt. 
Colima. 

The  mean  temperatures  have  also  been  affected  but  vory  slightly.  The 
pleionian  crest  of  1902-1903,  as  indicated  on  the  curve  of  consecutive 
means,  has  been  depressed  a  little,  but  certainly  not  more  than  0.15  °C. 
or  0.2  °F.  It  is  difficult  to  judge  how  much  the  mean  temperatures  of 
the  individual  months  have  been  affected.  Curve  .4  shows  a  decrease  of 
the  departures  for  the  months  of  June,  July  and  August,  1902,  following 
the  great  Mt.  Pel6  eruption ;  also  a  more  pronounced  decrease  for  Novem- 
ber and  December,  possibly  due  to  the  Sta.  Maria  eruption,  and  finally 
the  low  April  departure  may  have  been  caused  by  the  Colima  eruptions. 
However  the  departures  of  the  months  of  May,  1902,  to  the  end  of  1903 
are  all  above  the  average  and  if  the  slight  deflections  observed  during  the 
period  of  great  volcanic  eruptions  must  really  be  attributed  to  dust  veils, 
it  may  be  presumed  that  the  means  of  some  months  have  been  affected 
more  than  those  of  other  months  but  none  sufficiently  to  mask  the  plei- 
onian character  of  the  departures.  Moreover,  the  effect  of  the  dust  veil 
ceased  long  before  the  complete  development  of  the  antipleionian  de- 
pression of  1904-1905.  This  antipleion  cannot,  therefore,  be  considered 
as  being  a  consequence  of  the  formation  of  the  volcanic  dust  veil. 

Temperatures  at  Para,  Cayenne  and  the  West  Indies 

Although  the  different  examples  I  have  given  may  be  considered  as  a 
sufficient  proof  of  the  fact  that  the  pleionian  variations  are  absolutely 
distinct  in  their  origin  from  the  possible  temperature  variations  due  to 
the  presence  of  volcanic  dust,  I  will  examine  a  few  more  consecutive  tem- 


^  Hknbtk  Abctowski  :  "Notice  sur  les  yariatlons  de  longue  dur^  des  ampUtudes 
moyennes  de  la  marche  diurne  de  la  temp^^ratiire  en  RuHsle,'*  Bull.  Soc.  beige  d'AstroDO- 
mle.     Bnixelles,  1008. 
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I>eMture  curves  uimply  to  show  how  cautious  one  has  to  be  iii  the  study 
of  the  cause  of  local  climatic  variations.  ■:  i' -   •■• 

In  the  following  diagram  (Fig.  5),  1  reproduce  the  curves  of  the  con- 
secutive means  of  temperature  for  Parii,"  Cayeime"  and  the  West  Indian 


a  ot  Cavtnne  and  Pari  with 

<:ations:   Port-aii-Frinfe,**   St.   Croix   Christ ianaated,"    St.   Lucia  and 
Barbados,'*  together  with  the  curve  of  Fort-iJe-France. 

The  curves  of  St.  Ijucia  and  Barbados  are  so  very  different  from  the 
iiirve  of  Fort -do- Prance  that  one  would  bo  inclined  to  admit  some  errors 

■■'  MeteoroloKlsclie  ZeitBcbrltt,  vols.  23.  24,  28,  31,  pp.  BIT.  481,  216,  138. 

'=  Aanalei  Bur.  Centr.  M^ltarol.  de  Francr. 

'-^  .\  una  I  Ml  Bur.  Cenlr.  Mft^orol,  de  France. 

"  M>'["<>r<jl<>Klsk  Anrboc  tor  11100. .  .IDon.     llilglvet  at  det  dannke  meltvr.  loatltut. 

^  Rp[-<'li-ed  la  mnniiscrlpt  tvcm  llic  ^IplcoroloRlcHl  rrtBtt  In  IxiDdoD. 
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of  observations.  But  the  curve  of  St.  Lucia  is  a  transitional  form  be- 
tween those  of  Fort-de-France  and  Barbados,  and  Pari,  in  Brazil,  1° 
27'  S.  lat.,  shows,  between  1902  and  1905,  exactly  the  same  abnormal 
depression  as  Barbados.  A  very  accentuated  depression  between  1903  and 
1904  is  also  characteristic  for  Arequipa  and  Mauritius*^**  as  well  as  St. 
Helena.**^  The  temperature  curve  of  Apia,  Samoa  Island,  displays  the 
same  very  pronounced  antipleionian  depression^  corresponding  perfectly 
with  that  of  Barbados.  It  is  difficult,  therefore,  to  avoid  the  conclusion 
that  the  curve  of  Barbados  must  be  correct  and  that  if  it  differs  very 
greatly  from  the  curves  of  the  other  West  Indian  stations  this  fact  may 
simply  be  considered  as  an  interesting  subject  for  special  investigation. 

For  my  present  purpose  the  Barbados  curve  is  a  very  valuable  argu- 
ment against  a  possible  supposition  in  favor  of  the  volcanic  dust  hypoth- 
esis. One  could  imagine  that  if  the  Fort-de-France  temperature  records 
as  well  as  those  of  some  other  stations  of  the  West  Indies  have  not  been 
veiT  much  affected  by  the  eruption  of  Mt.  Pele  and  the  other  volcanoes, 
it  may  be  because  the  dust  veils  have  been  carried  into  the  southern 
hemisphere,  and  that  there  the  curves  of  the  stations  belonging  to  the 
belt  of  the  southern  trade-winds  show  the  depression  just  as  much,  if  not 
more  so,  than  in  the  case  of  the  Krakatoa  eruption. 

The  fact  that  Cayenne,  which  lies  between  Para  and  Barbados,  has  a 
curve  resembling  those  of  St.  Croix  and  Port-au-Prince  and  that  these 
stations  belong  to  the  northern  trade  winds,  and  the  fact  that  the  curve 
of  Barbados  is  similar  to  those  of  the  southern  stations,  show  that  this 
explanation  of  the  observed  anomaly  is  inadequate. 

Temperatures  Observed  in  Alaska 

Assuming  that  the  volcanic  haze  produced  by  the  Katmai  eruption  of 
June  6,  1912,  must  have  had  the  greatest  effect  on  the  temperatures  re- 
corded in  Alaska  and  in  Canada,  I  will  now  compare  the  curves  of  seven 
stations  in  Alaska  with  the  curves  of  Victoria  and  Edmonton,  Mauritius 
and  Arequipa. 

The  temperature  data  for  the  Alaskan  stations  were  obtained  from  the 
United  States  Weather  Bureau,  the  Arequipa  daily  observations  were 
sent  to  me  by  Professor  Edw.  C.  Pickering  and  the  Mauritius  data  by 
Dr.  H.  R.  Mill  and  by  the  director  of  the  Mauritius  observatory.  The 
observations  considered  extend  over  the  five  years  1909-1913. 

Since  Mt.  Katmai  could  not  have  affected  the  temperature  conditions 
of  Arequipa  and  Mauritius,  it  is  safe  to  take  the  curves  of  these  stations 

■•  Arctowski  :  Op.  cit.    Bull.  Am.  Geog.  Soc..  toI.  44,  p.  698. 
■*Abctow8KI  :  Op.  cit.    Annals  N.  Y.  Acad.  8cl.,  vol.  24,  p.  109.     1014. 
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as  a  standard.  Moreover,  in  my  previous  publications  I  have  shown  that 
the  consecutive  means  observed  at  Arequipa  express  very  well  the  normal 
pleionian  variation  and  may  serve  as  a  standard  in  all  cases  of  comparison. 

In  the  accompanying  diagram  (Fig.  6)  the  consecutive  temperature 
curves  along  the  Pacific  coast  are  represented,  together  with  the  Mauritius 
and  Arequipa  curves.  The  latitudes 
of  Fort  Liscum,  Sitka,  Loring  and 
Victoria  are:  61**  2',  56**  50',  55** 
32'  and  48°  26'  N. 

The  occurrence  of  the  eruption 
coincided  with  the  pleionian  crest  of 
Arequipa.  For  Arequipa  the  con- 
secutive mean  of  July,  1911,  to 
June,  1912,  is  the  highest.  From 
then  on  the  temperature  decreases 
until  the  consecutive  mean  of  Octo- 
ber, 1912,-September,  1913.  The 
same  is  true  at  Mauritius ;  but  there 
the  pleionian  crest  is  very  different 
from  what  it  is  at  Arequipa — it  is 
flat.  Since  the  same  may  be  ob- 
served on  the  curve  of  Victoria,  the 
apparent  depression  of  the  crest  of 
this  station  cannot  be  ascribed  with- 
out hesitation  to  the  effect  of  the 
Eatmai  haze. 

The  other  curves — the  Fort  Lis- 
cum  curve  in  particular — resemble 
the  Arequipa  curve  so  very  much 
that  we  may  admit  that  at  least  the 
depression  of  the  values  from  tlie 
mean  of  August,  1911,-July,  1912, 
to  the  mean  of  December,  1911,-No- 

vember,  1912,  is  due  to  the  effect  of  volcanic  dust.  The  dotted  lines 
indicate  the  portions  of  the  pleionian  crests  which  may  have  been  de- 
pressed. 

The  curves  of  the  stations  at  Xome,  Tanana  and  Fairl)anks,  situated 
north  of  the  Alaskan  range,  do  not  seem  to  have  been  affected,  and  that 
of  Eagle  but  sliglitly.    Tn  the  case  of  Edmonton,  it  is  difficult  to  decide. 


FiQ.  6.— Arequipa  pleion  of  iBU-lBlt 
observed  in  AUuka 
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Temperature  Vabiations  at  Stockholm  and  Batavia 


;  1 1 


In  a  recent  publication^*®. Axel  Wallen  gives  the  curve  of  the  consecu- 
tive annual  means  of  temperature  observed  at  Stockholm,  for  the  entire 
series  of  observations  extending  from  1756.  A  comparison  of  his  cun^e 
with  the  Batavia  curve  which  I  published  some  years  ago  shows  that  they 
are  very  much  alike.  The  motthly  departures  of  Stockholm*"  present 
also  many  striking  analogies  with  those  of  Batavia.°®  It  would  be  worth 
while  to  make  a  more  detailed  examination. 

The  variations  at  Stockholm  and  Batavia  seem  to  be  in  perfect  ilia  r- 
mony :  a  crest  of  the  Stockholm  curve  corresponds  nearly  to  each  crest  of 
the  Batavia  curve,  and  the  intervals  between  corresponding  crests  are 
approximately  the  same.  .  It  will  be  necessary  to  find  many  more  such 
similar  curves,  belonging  to  far  distant  stations,  before  the  main  con- 
clusion which  might  be  inferred  from  the  comparison  of  the  Batavia  and 
Stockholm  curves  will  have  the  practical  value  one  might  expect. 

Batavia  being  in  advance  of  Stockholm,  it  is  easy  to  understand  that, 
taking  seasonal  departures— as  Hildebrandsson,  Mossman  and  others  have 
done — correlations  between  these  two  stations  have  to  be  found.  But 
these  correlations  will  evidently  be  simply  apparent  correlations.  It  is 
not  because  a  given  season  of  the  year  is  abnormally  warm  in  Batavia, 
that  the  following  season  has  to  be  exceptionally  warm  in  Stockholm  and 
so  on;  but  it  is  because  the  same  pleionian  variation  appears  with  the 
same  regularity  in  one  place  as  in  the  other,  but  slightly  retarded,  that  a 
seasonal  correlation  between  the  two  places  must  exist.  The  Batavia  and 
Stockholm  ounces  give,  therefore,  a  plausible  explanation  to  the  so  far 
unexplained  correlations  hetween  seasonal  departures  of  distant  stations. 

Coming  back  to  the  volcanic  dust  problem  studied  in  this  paper,  it  i.-^ 
important  to  notice  that  the  Stockholm  curve  seems  to  be  more  complete 
than  the  Batavia  curve.  The  pleion  of  1883,  which  on  the  Batavia  curve 
has  been  greatly  reduced  by  the  dust  veil  effect,  is  very  much  better 
developed  on  the  Stockholm  curve.  In  a  similar  way  some  apparent 
anomalies  on  the  Batavia  curve  may  be  considered  as  being  really  anom- 
alies which  would  not.exist^  jif  the  curve  were  perfectly  developed  as  it 
ought  to  be.  For  example,  the  portion  of  the  consecutive  temperature 
curve  of  Batavia  from  1871  to  1873  is  abnormal.     Likewise,  the  long 

"•  Axel  Wallen  :  "Flerftrigd  viarlktloner  hos  vattcDSt&ndet  1  MUlaren . . .  /'  Meddelan- 
den  f rftn  Ilydroi^raflskA  Byraa :  4.     fStockholm.  1013. 

BfH.  E.  H^MBEno :  "Moyenne^  mensuelles  et  annuelles  de  la  temperature. .  .il  Tob^er- 
vatoire  de  Stoclcholin,"  Kbn^gli  -dV^hflka  Vetwiakaps-acad.  Handllngar,  vol.  40,  no.  1. 
Stockholm,  1906. 

*  Observations  made  at  the  Royal  Magnetlcal  and  Meteorological  Observatory  at  Bata- 
Tto.     Vol.  28,  p.  108.     1907. 


ARCTO\ySKJ,  yQLdANIC  DUi^T  VmLB      .  IgJ 

iiilurval  between  tlie^pleionian  crests  of  1891  aiid  189T  of  the  Batavia 
cuyve  is  due  to  a  missing  crest  which  is  well  marked  on  the  Stockholm 
curve.  '  . '. 

Sux-SPOTS  AXD  Atmospheric  Temperature 

The  conclusion  so  far  is  that  the  thermopleionian  variations  cannot  be 
ii scribed  to  more  or  less  frequent  reoccurrences  of  volcanic  dust  veils.  In 
t xieptional  cases,  sucli  as  the  Krakatoa  eruption,  atmospheric  tempera-^ 
ture  has  been  affected  practically  all  over  the  world;  but  even  then  the 
pleiqnian  crests  of  the  consecutive  yearly  temperature  curves  have  simply 
l>een  partially  erased,  or  modified  in  such  a  way  that  there  can  be  no 
(loul)t  that  the  antipleionian  depressions  which  followed  were  not  due  to 
the  presence  of  volcaliic  haze. 

The  hypothesis  that  the  pleionian  variations  of  temperature  have  an 
extra-terrestrial  cause  is  tlicrefore  a  perfectly  logical  conclusion. 

In  order  to  prove  that  this  hypothesis  is  well  founded,  it  will  be  neces- 
sary to  demonstrate  the  existence  of  a  correlation  between  atmospheric 
temperature  and  solar  radiation,  or  perhaps  some  other  phenomenon  of 
which  tlie  "solar  constant"  is  a  function. 

It  has  been  presumed  that  differences  in  the  extent  or  relative  position 
(»f  the  Zodiacal  light  might  be  such  a  phenomenon.^^  Variations  of  the 
sohir  corona  could  possibly  also  have  some  effect  on  tlie  radiant  energy 
transmitted  towards  the  earth  ;®^  but  it  seems  more  probable  that  atmos- 
I'heric  temperature  is  directly  affected  by  changes  occurring  on  the  sun's 
surface  or  solar  atmosphere.*'^  The  well  known  sun-spot  cycle  of  about 
1 1  years'  mean  duration  proves  it  very  well. 

It  was  Alfred  Gautier^^  who,  as  far  back  as  1844,  discovered  the  rela- 
tion that  exists  between  atmospheric  temperature  and  the  solar  cycle. 

•1  E.  Belot  :  "La  matlfere  zodlacale  et  la  constante  solalre,"  C.  R.  Ac.  Scl.  Paris,  toI. 
157,  p.  757.     1913. 

*=A.  Crova  :  "Etude  de  rintcnsit^  calorlflque  de  la  radiation  solalre  au  moyen  de 
ractinom^tre  enreglstreur,'*  Annales  de  chlmle. .  .ser.  6,  vol.  14,  p.  543.     Paris,  1888. 

Some  nrenments  In  favor  of  this  hypothesis  may  also  be  found   In  the  following 
papers  : 

S.  r.  I^NGLEY  :  "The  Heat  Radiation  of  the  Corona,"  Astroph.  Journal,  vol.  12,  p. 
371.     1900. 

C.  G.  Abbot  :  "A  Bolometrlc  Study  of  the  Solar  Corona,*'  Publ.  Astron.  Soc.  raclflc, 
vol.  20,  p.  86.  1908. 

.loiiN    A.    Miller  :   "The   rosition    of   Certain   Coronal    Streams   on    the   Assumption 
that  the  Corona  Is  a  Mechanical  Product,"  Astroph.  Jour.,  vol.  33,  p.  303.     1911.     * 

**  S.  P.  I/ANGLEt :  "The  Solar  Atmosphere,  an  Introduction  to  an  Account  of  Researches 
iiijuIp  at  the  Allegheny  Observatory."  Amer.  Jour.  Sci..  svr.  3,  vol.  10.  p.  489.     1S7.">. 

J.  Haiix  :  "Contributions  to  the  Theory  of  the  Sun."  Annals  Roy.  Obs.  Edinburgh, 
vol.  1,  p.  74.     1902. 

**  Alfred  Gadtier  :  "Rechcrches  relatives  a  Tlnfluence  qfub  le  nombre  et  la  permanence 
des  taches  observ^es  sur  le  disque  du  soleil  pouvent  exorcrr  sur  b»s  temperatures  terres- 
tri's,"  Annales  de  chim.  et  de  i)Iiy8.,  ser.  3.  vol.  lli.  p.  '»'.     1^44, 
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Since  then  many  researches  have  been  made.  A  recent  publication  by 
W.  Koeppen**  gives  the  most  convincing  data.  Koeppen  utilized  the 
annual  temperature  means  collected  by  J.  Mielke,**  as  well  as  the  figures 
which  served  him  in  previous  publications  on  this  subject,  and  completed 
the  tables  in  order  to  have  the  results  of  practically  all  available  obser- 
vations made,  all  over  the  world,  from  1811  to  1910.  The  final  result 
may  be  advantageously  reproduced  in  a  form  slightly  different  from  that 
given  by  Koeppen.**^ 

The  following  figures  represent  the  mean  departures  from  the  general 
means  for  the  years  of  sun-spot  maxima  and  of  those  before  and  after 
these  years : 
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—2  — 1 


—0.03     —0.15 
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—0.23 


-f  1  I        -f-2  4-3  years 
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The  means  of  the  years  of  sun-spot  minima,  as  well  as  the  means  of 
the  years  preceding  and  following  these  minima,  are  given  below : 

—3!        —2  —1     OMin.  -fl  -1-2  I       -f 3 years 


O  Min. 

■fl 

-hO.22 

-fO.ll 

—0.11     -1-0.07  i  4-0.24      -hO.22     4-0.11      4-0.04  !  0.00  °C. 

The  conclusion  is  that  the  solar  cycle  of  about  11  years'  mean  duration 
has  a  well  pronounced  influence  upon  atmospheric  temperature,  and  that 
the  difference  between  maxima  and  minima  equals  on  the  average  nearly 
0.5  "^C. 

But  the  diagram  representing  the  succesi^ion  of  the  preceding  figures 
graphically  shows  tliat  the  11 -year  period  is  complicated  by  the  existence 
of  a  shorter  variation  of  less  importance.  It  seems  that  during  the  sun- 
spot  cycle,  temperature  undergoes  a  double  oscillation ;  that  between  the 
consecutive  temperature  minima,  corresponding  to  sun-spot  loaxima, 
there  are  two  minima  and  three  maxima,  one  of  which  corresponds  to  the 
sun-spot  minimum.  The  diagram  given  by  Koeppen  for  the  Russian 
temperature  data  is  perhaps  the  best  illustration  of  this  fact. 

*  W.  Koeppen  :  "Lafttemperaturen,  Sonnenflecke  und  Valkanausbriiche,'*  Meteor. 
Zeitsch.,  Yol.  81,  p.  306.     1914. 

*>  Johannes  Mielkb:  "Die  TemperatarachwankaDgen  1870-1910  In  Ihrem  VerhUtnls 
su  der  11  jfthrigen  Sonncnfleckenperiode/'  Aoa  dem  Archly  der  deutschen  Seewarte,  vol. 
36,  DO.  3.     1913. 

^  Koeppen  adds  the  annual  temperature  departures  of  the  years  of  sun-spot  minimum, 
one  year  after,  two  a.  s.  f.  This  gives  him  11  columns  of  flgures.  The  disadvantage  of 
this  method  is  that  the  year  of  sun-spot  maximum  occurs  once  in  column  4,  3  times  in 
column  6,  4  times  in  column  0  and  once  in  column  9.  His  first  column  of  flgures  com- 
prises the  departures  for  the  years  1811,  1822,  1833.  1844,  1855,  1867,  1878,  1889  and 
1900.  Only  four  of  these  years  are  years  of  sun-spot  minima;  the  others  precede  or 
follow  such  a  year.  However  it  would  have  been  difficult  to  make  a  better  adjustment 
than  Koeppen  did. 
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In  the  case  of  rainfall,  Cliarles  Meldrum**  long  ago  noticed  the  double 
oscillation.  For  the  weather  conditions  in  the  United  States,  Frank  H. 
Bigelow®*  found  that  "the  occurrence  of  four  subordinate  crests  in  the 
11-year  periods  suggests  strongly  that  a  2%-year  period  is  superposed 
upon  the  long  sweep  of  that  pericHlic  curve."  Later,  Bigelow^®  discovered 
a,  correlation  between  this  short  period  variation  and  the  frequency 
changes  of  solar  prominences. 

One  may  conclude  that  Koeppen's  calculations  give  only  a  first  ap- 
])roximation,  and  that  in  reality  the  phenomenon  of  the  11  years'  varia- 
tion is  complicated  by  a  variation  of  a  shorter  periodicity,  perhaps  also 
n\  connection  with  the  changes  of  sun-spot  frequency. 

A  strong  argument  in  favor  of  this  supposition  is  the  circumstance 
that  the  commonlv  known  11  vears'  variation  is  not  the  onlv  sun-spot 
cvcle.  The  relative  numbers  of  Wolf  and  Wolfer  have  been  analvzed 
by  Arthur  Schuster,"  who  found  the  following  periods:  13^,  11.125, 
8.36,  5.56,  4.79,  3.71.  Hisashi  Kimura,^^  on  the  other  hand,  found 
periods  of  16.59,  13.53,  11.114,  9.99,  8.25,  5.95,  5.49,  4.85  and  3.63  years. 
According  to  the  most  recent  investigations^'  it  may  be,  however,  that, 
"while  these  various  periods  are  apparent,  yet  many  are  illusory." 

All  these  researches  show  very  plainly  that  the  frequency  variation  of 
sun-spots  is  a  most  complicated  phenomenon.  So  are  also  the  tempera- 
ture variations.  It  is  certain  that  the  pleionian  variation  of  the  Arequipa 
or  equatorial  type  has  apparently  nothing  in  common  with  the  11-year 
cycle ;  but  some  correlations  exist.  In  1893  the  antipleions  were  pre- 
dominant. The  year  1900  was  a  pleionian  year.  One  may  presume, 
therefore,  that  the  solar  cycle  of  11  years  has  a  direct  influence  on  the 
long  range  or  macropleionian  variations  and  that  the  shorter  pleionian 
and  autipleionian  oscillations  of  terrestrial  temperature  are  the  pr-xluct 
of  some  minor  sun-spot  cycle,  or  perhaps  of  some  other  solar  cycle  which 
<ioes  manifest  itself  with  the  same  evidence  as  the  sun-spot  frequency 
variations. 

As  soon  as  the  particulars  of  the  pleionian  variations  are  better  known, 

**  Charles  Mkldrum  :  "Report  on  Sun-spots  and  Rainfall,"  Rep.  48th  meeting  Brit. 
Assoc.,  p.  257.     1879. 

*  Frank  H.  Bigelow  :  "Abstract  of  a  Report  on  Solar  and  Terrestrial  ICagnetism  In 
their  Relations  to  Meteorology."  Bull.  no.  21,  U.  S.  Weather  Bur.,  p.  125.     1898. 

^  Frank  H.  Bioklow  :  "The  Relations  Between  the  Meteorological  Elements  of  the 
rnlted  States  and  the  Solar  Radiation,"  Amer.  Jour.  Scl.,  ser.  4,  vol.  25,  p.  428.     19U8. 

^  Arthur  Schuster  :  "On  the  Periodicities  of  Sun-spots,"  Phil.  Trans.  Roy.  Soc. 
London,  vol.  206  A.,  p.  00.     1906. 

'9III8ASHI  Kimura:  "On  the  Harmonic  Analysis  of  Sun-spot  Relative  Numbers," 
Monthly  notices  Roy.  Astr.  Soc.,  vol.  73,  p.  543.     1913. 

"  A.  K.  T)orGLASS  :  "A  Photojrraphlc  l*crlodogram  of  the  Suu-spot  Numbers,"  Astroph. 
Jour.,  vol.  40,  p.  326.     1014. 
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it  will  be  possible  to  reverse  the  problem  and  seareh  in  tlie  variable  solar 
phenomena  for  the  periodicities  which  might  correspond  to  the  changes 
of  atmospheric  temperature.  But  the  problem  is  extremely  complicated. 
All  we  know  about  climatic  variations  is  derived  from  observations  taken 
at  the  earrh's  surface.  Xow,  Charles  J.  KuUmer^*  *'has  shown  that  in 
the  belt  of  the  northern  United  States  and  southern  Canada  where  storm*; 
on  the  average  are  most  numerous,  the  number  of  storms  varies  almost 
directly  in  harmony  with  the  number  of  sun-spots,  just  as  is  the  case 
with  tropical  hurricanes.  In  other  areas,  however,  the  revei'se  appears 
to  ])C  true,  and  there  is  a  decrease  in  storminess.  The  general  conclusion 
seems  to  be  that  when  sun-spots  are  few  in  numl)er  cyclonic  storms  move 
in  a  groat  variety  of  tracks,  but  when  spots  are  mimcrous  the  storms  tend 
to  contine  themselves  to  a  few  well-defined  tracks,  so  that  st'>rminess  is 
more  or  less  restricted  to  certain  areas  within  which  it  is  highly  concen- 
trated.'' '^  If  we  bear  in  mind  the  fact  tliat  storms  are  centered  bv 
columns  of  ascending  air,  we  must  presume  that  on  tlie  average  differ- 
ences in  storm  frequency  (and  intensity)  must  produce  corresponding 
differences  in  the  vertical  distrilnition  of  temperature.  Ellsworth  Hunt- 
ington supposes  that  "in  this  way  int-reased  activity  of  the  sun  might 
cause  increased  activity  upcni  tlie  eartii,  and  the  earth's  surface  might 
become  cooler  while  the  upper  air  above  the  reach  of  convection  might 
become  warmer."  "'^  This  most  interesting  suggestion  could  be  verified. 
I  sup])ose. 

Utilizing  the  table  of  Leo  Kelley,  giving  the  annual  frequencies  of 
eruptions,"  as  well  as  l\oe})pen'6  worlds  mean  temperature  table,  T  mad*' 
for  both  overlapping  ten-yearly  totals.  The  following  diagram  (Fig.  T) 
represents  the  figures  gra})hically  and  shows  plainly  that  some  sort  of  a 
relation  between  the  numbers  of  volcanic  eruptions  and  atmospheric  tem- 
perature is  undeniable. 

Temperature  seems  to  be  higher  when  the  eruptions  are  nn>re  frequ(»nt 
and  when  volcanic  activity  is  attenuated,  atmospheric  temperature  seems 
also  to  Ikj  lower  than  the  average.  This  result  is  not  in  favor  of  the 
volcanic  dust  explanation  of  climatic  variations  and  if  taken  in  con- 
nection with  the  remarkable. coincidences  between  the  well  pronounced 

T*  Charles  J.  Kkllmer  :  **Thc  Shift  of  the  Storm  Track."  In:  E.  Huntington:  "Tlio 
CHmatIc  Factor..."  p.  lOa.     Carnegie  Inst  Pub.  Xo.  102.     1004. 

"  ELLSWottTii  Hr.VTiNT.TOX  :  Op.  Ht.,  p.  253. 

^Manuscript  cum  mun  teat  Ion.  Huntington  discusses  the  question  at  length  In  his 
recent  paper,  "The  Solar  Hypothesis  oif  Climatic  Changes,"  Bull.  Geol.  Soc.  Amer.,  vol. 
25,  p.  477.     1914. 

"John  Milne:  "Eighteenth  Report  of  the  Commlitee  on  Selsmologlcal  Investiga- 
tions," p.  6.'i.  Report  of  the  Srird  meotlnp  of  the  Brit.  Assoc,  niriiilngham.     lOiri. 
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pleions  of  the  years  1883,  1902  and  1912  and  the  exceptionally  violent 
volcanic  eruptions  which  occurred  simultaneously,  shows  that  it  may  be 
that  the  volcanic  agencies  are  affected  by  the  same  extra-terrestrial  factors 
which  influence  climatic  conditions. 

How  this  could  be,  is  a  most  interesting  question  leading  to  many 
investigations.  One  may  presume,  for  example,  some  correlations  be- 
tween the  pleionian  variation  and  storm  frequency  and  storm  intensity 


Fia.  7. — World's  temperature  and  the  variation  of  the  frequency  of  volcanic  eruptione 

and  then  a  correlation  between  the  more  or  less  accentuated  rapid  oscilla- 
tions of  atmospheric  pressure  and  volcauie  eruptions. 

A  relationship  between  the  mean  values  of  interdiurnal  differences  of 
atmospheric  pressure  and  the  solar  cycle  has  been  discovered  by  R. 
Merecki,"*  and,  on  the  other  hand,  the  much  discussed  relation  between 
barometric  changes  from  day  to  day,  and  the  frequency  of  seismic  and 
volcanic  phenomena  may  be  accepted  as  an  established  fact.^'     One  may 

^*  It.    Mkrkcki  :  "Wplyw    smlennej    dslalalnoscl    alonca    na    czynnlkl    meteorologlcsne 
zl«m8ke."  Prace  mat.-flsyczne,  vol.  19.  p.  131.     Warssawa,  1908. 

^*  F.  Omori  :  "Note  on  the  Long-period  Variations  of  the  Atmospheric  Pressure,"  Bull. 
Imp.  Barthq.  Invest.  Comm.,  vol.  2.  p.  215.     Tokyo,  1908. 

H.  J.  Johnston- Lavis  :  '*The  Relationship  of  the  Activity  of  Vesuvius  to  Certain 
Meteorological  and  Astronomical  Phenomena."  Proc.  Roy.  Soc.  London,  vol.  40,  p.  248. 
1886. 
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m 

ask,  therefore,  if  the  amplitudes  of  the  barometric  oscillations  vary  in 
harmony  with  the  pieionian  cycles. 

Conclusions 

1).  The  hypothesis  attributing  most  climatic  variations  to  volcanic- 
dust  veils,  altliougli  veritied  in  ?^onuf  casi^s,  presents  more  a  purely  the  >ret- 
ical  than  ])ractical  interest. 

'i).  The  du^t  veil  jiruduced  \\\  the  Krakatoa  eruption  affected  atmos- 
])iieric  temperature  very  greatly.  'J'he  videnr  volcanic  eruptions  of  1902, 
as  well  as  the  Katmai  eruption  (jf  191'^,  inHuem-ed  the  yearly  mean  tem- 
peratures but  very  slightly  or  not  at  all. 

'.\).  The  pieionian  variati(>ns  of  temperaiiire  liave  noihing  in  common 
with  the  presence  or  absence  of  volcanic  dust  veils. 

4).  An  intluence  of  the  sun-spot  variation  upon  the  changes  of  atmos- 
pheric temperature  is  undeniable. 

f)).  in  sum*'  fXceptiuual  ras»-^.  at  far-di-tant  stations,  ^uch  close  corre- 
spondences of  the  pieionian  variations  may  b«'  observerl  that  one  is  justi- 
fied in  admitting  that  nii>>i!ig  i  ivsis  an-  due  t«i  bn-ally  rc.-tricted  anom- 
alies.     Ol  coursr,  in  mo>l  cases  ihc  an«»uialit'>  are  prevalent. 

G).  A  curri'lation  betwct*n  pN-ioniaii  and  niacro|ileioniiin  temperature 
\ariatioiis  and  ihc  occurr»Mic»'  and  frtMjUency  of  volcanic  eruptions  may 
be  presiinu'd.  aliboiiLdi.  at  present,  it  is  ditlicult  to  imagine  how  such  a 
correlation  could  be  ex])lained. 
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Introduction 


Tliese  studies  were  made  on  .specimens  of  ^vo  mutations  of  Spirifer 
mucrouafus  collected  bv  Professor  A.  W.  (irabau  and  Dr.  H.  W.  Shimer 
near  '^J'hedford,  Ontario,  and  by  Professor  Grabau  near  Alpena  and  at 
other  localities  in  Michigan. 

The  beds  from  which  these  fossils  were  collected  correspond,  in  whole 
or  in  part,  with  the  Hamilton  of  New  York  State.  The  general  suc- 
cession of  beds  in  the  Michigan  region  is  given  below.  At  the  base  are 
calcareous  shales  corresponding  in  a  general  way  with  the  lower  part  of 
the  Hamilton  or  upper  part  of  the  Marcellus  of  the  New  York  State 
section.  These  shales  contain  the  mutation  of  Spirifer  mucronatus  called 
by  Grabau  alpenense.  Above  these  shales  there  is  a  series  of  alternating 
limestones  and  calcareous  shales.  The  limestones  contain  the  mutation 
multiplicatus  and  the  shales  contain  the  mutation  alpenense.  Above  this 
series  there  is  another  series  of  calcareous  shales  containing  the  mutations 
profundus  and  alienuahis.  In  the  Thedford  section,  the  mutation  thed- 
fordense  Shimer  and  Grabau  occurs  in  shales  corresponding  approximately 
with  those  containing  profundus  and  attenuatus  in  Michigan. 

The  objects  of  the  studies  were  to  determine,  if  possible,  the  relations 
of  the  different  mutations  to  each  other,  the  progress  of  evolution  in  the 


1  Manuscript  received  by  the  Editor  10  December,  1914. 
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various  lines,  and  to  make  a  trial  of  the  statistical  method  in  the  study 
of  fossils. 

The  curves  were  made  by  plotting  the  percentages  of  the  total  number 
of  individuals  having  indices  between  certain  prescribed  limits.  The 
indices  were  taken  as  abscissae  and  the  percentages  as  ordinates.  The 
higher  indices  were  indicated  on  the  right  and  the  lower  on  the  left. 
Progression  has  been  indicated  as  going  from  right  to  left. 

The  mutation  thedfordense  was  described  by  Shimer  and  Grabau  in 
1902.^  Descriptions  of  the  other  mutations  are  taken  to  a  large  extent 
from  Grabau  manuscript. 

Mutation  I. — Spirifer  mucronatus  mut.  alpenense  Grabau  ms. 

This  mutation  occurs  in  the  lowest  beds  of  the  Michigan  Hamilton  in 
a  shaly  matrix.  It  is  of  moderate  size,  with  fairly  strong  growth  lines. 
The  plications  are  close  together  and  are  not  very  strong.  They  number 
about  fifteen  on  each  side  of  the  fold  and  sinus.  The  shell  is  sometimes 
extended  into  a  pair  of  mucronate  wings.  The  sinus  is  broad  and  shallow 
and  contains  no  median  plication.  The  fold  is  also  broad  and  shallow, 
and  sometimes  contains  a  median  groove  in  the  young  stages.  There  is 
never  a  median  groove  on  the  fold  of  the  adult.  Three  hundred  and 
seventy-two  individuals  of  this  mutation  were  measured  and  the  follow- 
ing is  a  summary  of  the  results.  The  complete  measurements  are  given 
in  the  tables. 

Maximum  width 42mm. 

Minimum  width 15 

Maximum  length 28 

Minimum  length 9 

Maximum  shell  Index  (adult) 2. 80 

Minimum  shell  index   (adult) d5 

Average  shell  index   (adult) (about) . .     1.50 

Maximum  shell  index  (neanic  stage) 4.30 

Minimum  shell  index  (neanic  stage) 1 .  29 

Average  shell  index  (neanic  stage) (about) . .     2.60 

Table  I. — Number  of  individuals  and  percentages  of  total  number  of 

individuals  of  various  indices 

Adult 

Index  f -^ s 

Number        Percentage 

-1.00 3  .8 

1.01-1.25  63  16.9 

1.26-1.50 Ill  29.8 

1.51-1.75 107  28.7 

1.76-2.00 57  15. .3 


Neanic 
> 

Number 
0 

Percentage 
0 

0 

0 

1 

.2 

15 

4.0 

51 

13.6 

>Ban.  Oeol.  Soc.  Am.,  vol.  13,  pp.  149*186. 
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Adult  Neanic 

Index  f ^ ^  , -*• ^ 

Number        Pcrceotage         Number        Percentage 

2.01-2.25  23  6.1  62  16.6 

2.26-2.50  5  1.3  69  18.5 

2.51-2.75 2                     .5  60  16.1 

2.76-3.00 1                    .2  45  12.0 

3.01-3.25  0  0  26  6.9 

3.26-3.50 0  0  21  5.6 

3.51-^3.75  0  0  15  4.0 

3.76-4.00 0  0  4  1.0 

4.01-4.25  0  0  2  .5 

4.20-4.50 0  0  1  .2 

Total *. 372  99.6  372  99.2 

The  curve  of  the  adult  shell  indices  of  alpenense  is  fairly  smooth.  The 
slight  roughness  or  irregularity  may  he  attributed  to  imperfection  of 
some  of  the  specimens  and  to  the  difficulty  of  deciding,  in  some  cases, 
the  anterior  end  of  the  pedicle  valve.  The  neanic  curve  is  much  more 
irregular,  a  condition  due,  no  doubt,  to  the  extreme  difficulty  of  finding 
exactly  corresponding  growth  stages  in  a  great  number  of  individuals. 

From  the  size,  characters  and  number  of  plications,  shell  indices  and 
characters  of  the  fold  and  sinus,  alpenense  is  favorably  equipped  to  be 
an  ancestor  of  the  mutations  profundus  and  thedfordense. 

Mutation  II. — Spirifer  mucronatus  mux.  muUipUcaius  Gh.vbau  ms. 

This  mutation  occurs  in  the  limestone  beds  in  the  Michigan  region 
above  the  shales  containing  alpenense.  Shales  bearing  alpenense  some- 
times alternate  with  these  limestones.  It  is  a  large  mutation  with  many 
fairly  strong  flat  plications.  There  are  about  17  plications  on  each  side 
of  the  fold  and  sinus.  The  fold  and  sinus  are  broad  and  flat,  the  sinus 
bearing  a  well-developed  plication  and  the  fold  a  median  groove.  The 
growth  lines  are  strong  and  the  young  stages  are  often  clearly  distin- 
guishable.    Twenty -nine  individuals  of  wuliipluntus  were  measured. 

Maximum  width 50mm. 

Minimum  width 26 

Maximum  leng1;h 27 

Minimum  length 15 

Highest  shell  index   (adult) 2.32 

Lowest  shell  index  (adult ) 1.46 

Average  shell  index  (adult ) (about) . .  1.80 

Highest  shell  index  (neanic  stage ) 3.50 

Lowest  shell  index  (neanic  .'''tage) 1.78 

Average  shell  index  (neanic  stage) (about) . .  2.65 
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Table  II. — Number  of  individuals  and  percentages  of  total  number  of 

individuals  of  various  indices 

Adult  Neanic 

Index  / ^ ^         /■ ^ ^ 

Number        Percentage         Number        Percentage 

1.26-1.50 3  10.3  0  0 

1.51-1.75 11  37.9  0  0 

1.76-2.00 9  31  2  6.8 

2.01-2.25 5  17.2  5  17.2 

2.26-2.50 1                  3.4  6  20.6 

2.51-2.75  0                  0  10  34.4 

2.76-3.00  0                  0  2  6.8 

3.01-3.25  0                  0  3  10.3 

3.26-3.50 0                  0  1  3.4 

Total 29  99.8  29  99.5 

The  adult  curve  of  ntuUipliratiLs  is  uarrow  and  regular.  The  ueanie 
curve  is  broad  and  very  irregular. 

^. 

I  --3'  /\ 

/ 

^'!  («-;  ^  --r 

?  ^  \  \  %  §  I  I  T^ 

3.  S  If-  ^,  2  ^  5  ^  ^ 

Fig.  2. — Curves  showing  comparative  conditions  of  shelt  indices  in  adult  and  neanic 

stages  of  Spirifer  mticronatuB  mui.  multiplicatuM 

Mutation  III. — Spirifer  inucronaius  mut.  profundus  Grabau  ms. 

This  mutation  occurs  with  altenuatus  in  the  upper  shales  in  the  Mich- 
igan region.  It  is  small  with  extremities  not  at  all  or  only  slightly 
mucronate.  The  median  sinus  is  deep  and  angular.  It  extends  from 
the  beak  to  the  anterior  end,  then  beyond  into  the  brachial  valve.  The 
bottom  of  the  sinus  is  subangular.  The  fold  on  the  brachial  valve  is 
>hallow  and  has  no  median  depression.  The  plications  are  round  and 
( lo.^c  together.     There  are  s  to  12  on  each  side  of  the  fold  or  sinus, 
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rarely  less.     The  growth  lines  are  strongly  turned  back  over  the  fold 
and  sinus. 

Maximum  width 35mm. 

Minimum  width 15 

Maximum  length 21 

Minimum  length 9 

Highest  shell  index  (adult) 2.71 

Lowest  shell  index  (adult) 97 

Average  shell  index  (adult) (about) . .     1.65 

Highest  shell  index  (neauic  stage) 4.37 

Lowest  shell  index   (neauic  stage) 1 .35 

Average  shell  index  (neanlc  stage) (about) . .     2.50 


The  adult  curve  is  fairly  short  and  regular.  It  corresponds  closely 
with  the  adult  curve  of  alpenense,  though  the  average  index  is  a  little 
lower.  The  neanic  curve  is  very  broad  and  irregular.  It  corresponds 
lather  closely  with  the  neanic  curve  of  alpenense.  The  average  neanic 
index,  however,  is  a  little  lower.  Two  hundred  and  seventy-six  indi- 
viduals wore  measured. 

Table  III. — Number  of  individuals  and  percentages  of  total  number  of 

individuals  of  various  indices 


Index 

-1.00  

1.01-1.25 

1.26-1.50 

1.51-1.75  

1.76-2.00  

2.01-2.25  

2.26-2.50  

2.51-2.75  

2.76-3.00  

3.01-^.25 

3.26^.50  

3.51-^.75 

3.76-4.00  

4.01-4.25  

4.26-4.50 

Total 276 


Adult 

A 

Neanic 

r 

Slumber 

Percentage 
.7 

Number 
0 

Percentage 
0 

36 

13.0 

0 

,0 

112 

40.5 

o 

.7 

75 

27.1 

6 

2.1 

40 

14.4 

37 

13.4 

6 

2.1 

72 

26.0 

3 

1.0 

52 

18.8 

2 

.7 

60 

21.5 

0 

0 

31 

11.2 

0 

0 

8 

2.8 

0 

0 

4 

1.4 

0 

0 

0 

0 

0 

0 

2 

.7 

0 

0 

1 

.35 

0 

•  0 

1 

.35 

99.5 


276 


99.3 


This  mutation  is  evidently  an  offshoot  from  the  alpenense  stem.  The 
line  of  development  has  been  more  in  the  nature  of  a  deepening  of  the 
sinus  and  strengthening  of  the  growth  lines  rather  than  in  reducing  the 
shell  index.    The  shell  index  is  a  little  lower  than  that  of  alpenense  in 


MOOK,  VARIATION  IN  8PIRIFER  MUCR0NATU8 


181 


•4'- 


4 


&    ^ 


14  ■■••. 


ftH-y?* 


'Sr*-i9it 


j/e-is't 


ATt-nt 


•9pe-uc 


MT'/JT 


Ttt'i*r 


••t'fll 


'.rif't^ 


ojf-fr/ 


Stl'l9l 


M- 


s 


3 
9 


c 
o 

s 
«> 

I 


:fr£-/«r      ^ 


s 
c 


IS 


o 

ID 

c 
o 


s 

i 


■  U 
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the  adult  stage,  but  only  a  mere  trifle  lower  in  the  neanic  stage.    This  in 
itself  is  an  indication  of  progression  toward  a  low  indexed  condition. 

Mutation  IV. — Spirifer  mucronatus  mut.  thedfordense  Shimer  and 

Grabau 

The  mutation  thedfordense  occurs  in  the  upper  Hamilton  shales  in  the 
region  about  Thedford,  Ontario. 

This  mutation  is  the  most  advanced  of  the  five  mutations  studied.  It 
is  fairly  good-sized  and  very  stout.  There  are  12  to  15  strong  sharp 
plications  on  each  side  of  the  fold  and  sinus.  The  sinus  is  deep  and 
subangular  in  the  adult  and  occasionally  has  a  faint  elevation  in  the 
very  young  stages.  The  fold  is  somewhat  elevated  and  rounded  in  the 
adult,  and  often  shows  a  faint  median  depression  in  the  young  stages. 
The  growth  lines  are  very  prominent,  and  are  sharply  deflected  over  the 
fold,  sinus,  and  plications.  Two  hundred  an<l  tliirly-one  individuals 
were  measured. 

Maximum  width 45mm. 

Minimum  width 2.3 

Maximum  length 35 

Minimum  length 15 

Highest  shell  index  (adult) 1.94 

Lowest  shell  index   (adult) 89 

Average  shell  index  (adult) (about) . .  1.30 

Highest  shell  index  (neanic  stage) 3.56 

Lowest  shell  index  (neanic  stage) 1.24 

Average  shell  index  (neanic  stage) (about)  . .  2.00 

Table  IV. — Number  of  individuals  and  percentages  of  total  number  of 

individuals  of  various  indices 

Index 

-1.00 24 

1.01-1.25  107 

1.26-1.50  

1.51-1.75  

1.76-2.00  

2.01-2.25  

2.26-2.50  

2.51-2.75  

2.76  3.00  

3.01-3.25  

3.26-3.50 

3.51-3.75  

Total 2.31  99.7  2.31  99.0 


Adult 

Neanic 

A 

Numl^er 

V 

(»rceutag»' 

r 

Number 

Percentage 

24 

10.3 

0 

0 

107 

46.3 

2 

.8 

80 

34.6 

17 

7.3 

15 

6.4 

54 

23.3 

5 

2.1 

63 

26.8 

0 

0 

40 

17.3 

0 

0 

24 

10.3 

0 

0 

IS 

7.7 

0 

0 

10 

4.3 

0 

0 

1 

.4 

0 

0 

1 

.4 

0 

0 

1 

.4 
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The  adult  curve  is  very  narrow  considering  the  large  number  of 
individuals  measured.  It  is  regular  in  form.  The  neanic  curve  is  fairly 
regular  and  is  very  wide.  It  would  correspond  fairly  well  with  a  flat- 
tened-out  curve  of  the  adult. 

Thedf  or  dense  was  evidently  derived  from  alpenense  along  with  pro- 
fundus. It  differs  from  profundus  in  having  vestiges  of  a  plication  in 
the  sinus  and  groove  in  the  fold,  in  being  more  robust,  and  in  having  a 
lower  shell  index.  Profundus  has  progressed  further  in  the  deepening 
of  the  fold  and  sinus,  and  thedfordense  further  in  reduction  of  the  shell 
index. 

Mutation  V. — Spirifer  mucronatus  mut.  atienuaiu^s  Grabau  ms. 

Attenuaius  occurs  in  the  upper  shales  in  the  Michigan  region  along 
with  profundus.  The  shell  is  very  wide  and  short,  giving  a  high  shell 
index.  The  sinus  of  the  pedicle  valve  has  a  distinct  median  plication 
which  extends  nearlv  to  the  beak.  The  fold  of  the  brachial  valve  is  flat 
and  level  with  the  plications  on  either  side  or  slightly  elevated  above 
them.  It  has  a  pronounced  median  groove  which  extends  nearly  to  the 
beak.  The  growtli  lines  are  moderately  strong.  There  are  15  to  18 
strong  plications  on  each  side  of  the  fold  and  sinus. 

Maximum  width 47mm. 

Minimum  width 19 

Maximum  length 17 . 5 

Minimum  length 8 

Highest  shell  index   (adult) 3.75 

Lowest  shell  index  ( adult) 1 . 37 

Average  shell  index  (adult) (about) . .  2.25 

Highest  shell  index  (neanic  stage) 4. 70 

Lowest  shell  index  (neanic  stage) 2.23 

Average  shell  index  (neanic  stage) (about) . .  3.40 

Table  V. — Number  of  indAviduaU  and  percentages  of  total  number  of 

individuals  of  various  indices 

Adult  Neanic 


Index  ^ '         ' ^ 


/■ ' \  / N 

Number  J*ercentage  Number  Percentage 

1.26-1.50 2  2.7  0  0 

1.51-1.75 7  9.4  0  0 

1.76-2.00 16  21.6  0  0 

2.01-2.25 18  24.3  1  1.3 

2.26-2.50 14  18.9  6  8.1 

2.51-2.75  10  13.5  7  9.4 

2.76^.00 4  5.4  13  17.6 

3.01-^.25' 0  0  9  12.1 

3.26-3.50 2  2.7  14  18.9 
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Adult  Neanic 

Index  f ^ s  , ^ ^ 

Number        Percentage         Number        Percentage 

3.51-3. 7r> 1  1.3  10  13.5 

3.76-4.00 0  0  5  6.7 

4.01-4.25  0  0  2  2.7 

4.26-4.50  0  0  5  6.7 

4.51-4.75  0  0  2  2.7 

Total 74  d9.8  74  99.7 

The  adult  curve  of  attenuattis  is  broad  and  rather  irregular.  The 
neanic  curve  is  very  broad  and  irregular. 

This  mutation  is  iu  many  respects  the  most  primitive  of  the  five  muta- 
tions studied,  although  it  occurs  in  the  highest  of  the  three  horizons.  It 
is  nearest  to  muUiplicaius  in  form  and  general  characters  though  multi- 
plicatus  has  a  lower  shell  index. 

The  derivation  of  attenualiis  is  uncertain,  though  it  is  not  far  removed 
from  rnultipiicatiLs.  Several  possibilities  may  be  considered.  Alienuatus 
may  be  derived  from  some  form  of  multiplicatus  whose  index  is  much 
higher  than  any  of  those  measured.  It  may  have  come  from  a  mulii- 
plicatus  stock  having  an  index  like  the  highest  of  those  measured  and 
then  degenerated  into  a  short  and  broad  form.  It  may  have  sprung 
from  a  common  ancestor  witli  inuHipJicatus  in  a  lower  horizon  and  re- 
mained primitive  while  muJiiplicatus  progressed  toward  a  lower  index. 
The  third  possibility  is  by  far  the  most  probable.  The  adult  curve  of 
aiiennatus  corresponds  roughly  with  the  neanic  curve  of  innitiplicaius. 

Conclusion 

Two  distinct  lines  of  development  have  been  observed  in  Spirifer 
inucronaius.  In  one  of  these  lines  development  has  advanced  to  a  con- 
siderable distance  from  the  primitive  Spirifer  mucronatus  condition. 
This  line  includes  alpcnense,  profundus,  and  thedfordense.  The  other 
line  has  progressed  much  more  slowly.  This  line  contains  multiplicatus 
and  attenuatus.  In  the  first  line  thedfordense  and  profundus  have  prob- 
ably been  derived  directly  from  alpenense.  In  the  second  line  attenuatus 
was  probably  not  derived  directly  from  multiplicatus,  but  from  a  form 
closely  resembling  muUiplicaius,  but  more  primitive.  Multiplicatus  and 
alpenense  were  probably  derived  from  some  primitive  form  of  Spirifer 
mucronatus  belonging  to  a  lower  horizon  than  any  of  the  five  mutations 
studied.  The  approximate  relations  of  the  five  mutations  to  each  other 
are  shown  graphically  in  the  following  diagram. 
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aUenuatus 


Profundus        tked/ordense 


alpenense 


Primitive  form  of  Spirifer  mucronatus 
Fio.  6. — Diagram  ahotoing  the  relationahipa  of  the  fire  mutationa  of  Spirifer  mucronaiu4 


The  tendency  in  development  has  been  to  reduce  the  shell  index,  to 
reduce  the  number  of  plications,  to  lose  the  groove  and  plication  on  fold 
and  sinus,  to  strengthen  the  growth  lines  and  individual  plications,  to 
deepen  the  sinus,  and  to  a  certain  extent  to  reduce  the  actual  width  of 
the  shell. 
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Tablks  of  Measurements  and  Indices 

Spirifrr  murnmatuK  mut.   thedfordvn>*v 


'^idth 

Adult 

. / 

Height 

Stage 

Number 

Index 
( reverse ) 

Index 

1 

31mm. 

20mm. 

.035 

1.07 

2. . . 

32 

2t>.r, 

.021 

1.08 

8 

32 

27 

.843 

1.18 

4 

38.5 

27 

.701 

1.42 

5 

.30 

30 

l.(KK) 

1.00 

(5 

20 

27 . 5 

.JHS 

1 .  05 

i 

31 

2(;.5 

.S54 

1 .  16 

K 

34 

28 

.S2.3 

1.21 

« 

32 

;:2.."i 

1.015 

.08 

10 

27 

23 

..s.-,l 

1.17 

11 

.34 

24 

.7(»5 

1.41 

12 

35 

.30.. '» 

.871 

1.14 

i;t 

;in 

2S 

.MK) 

1 .  25 

14 

38 

21.5 

.565 

1.76 

ir. 

;u 

27 

.704 

1 .  25 

10 

•    •    •    • 

•    •    •    • 

•    •    •    • 

•    •    •    • 

17 

.30 

20 

.  806 

1 .  15 

IS 

38 

_  4  .  tl 

.  723 

1 .  38 

10 

:j2 

28 

.  S75 

1.14 

20 

2t) 

2:5 

.  70.3 

1 .  26 

21 

•»•> 
•><» 

20.5 

.S03 

1.11 

22 

29 

24 

.  827 

1.20 

2;{ 

:jr. 

25 

.714 

1.40 

24 

.3(; 

.{1 

.  sen 

1.16 

2r. 

28 

24 . 5 

.  875 

1.14 

20 

.•{."i 

20 

.742 

1.34 

27 

32 

23 . 5 

.  734 

1.36 

2S 

27 

23 

.851 

1.17 

20 

29 

27 

.  031 

1.07 

30 

40.5 

28 

.<K>1 

1.44 

31 

32.5 

.30 

.0*23 

1.08 

32 

28 

10 

.678 

1.47 

:« 

31.5 

28.5 

.5*04 

1.10 

?A 

38 

30 

.78J> 

1.26 

35 

27 

20 

.740 

1 .  35 

36 

35 

23 

.657 

1 .  52 

37 

•   •   •   • 

•    •   •   ■ 

•   •   ■    • 

•   •   •   • 

38 

31 

20 

.645 

1.55 

30 

37 . 5 

26 

.<J03 

1.44 

40 

40 

32 

.800 

1 .  25 

41 

31 

25 

.M»6 

1.24 

42 

32 

20 

.!KK5 

1.10 

Neanic  Stage 


Width 
31mm. 

Height 
23mm. 

Index 
(reverse) 

.741 

Index 
1.34 

32 

20.5 

.640 

1 .  56 

32 

17 

.531 

1.88 

38.5 

20.5 

.532 

1.87 

30 

24 

.800 

1.25 

20 

19.5 

.672 

1.48 

31 

19 

.  612 

1.63 

34 

23.5 

.691 

1.44 

.'12 

18 

.  562 

1.77 

27 

17 

.625) 

1.58 

34 

10 

.  558 

1.78 

35 

19 

.542 

1.84 

35 

17 . 5 

.500 

2.00 

38 

16.5 

.434 

2.30 

34 

22 

.647 

1.54 

•   •    •   • 

30 

•   •    •    • 

20 

•   •   •   • 

.(366 

•   •   •   • 

1.50 

38 

18 

.  473 

2.11 

32 

20 

.  625 

1.60 

29 

19.5 

.  672 

1.48 

X\ 

18.5 

.560 

1.78 

29 

17.5 

.603 

1.65 

35 

18 

.514 

1.94 

36 

21 

.5a3 

1.71 

28 

17 

.607 

1.64 

:j5 

22 

.628 

1.59 

32 

17 

.531 

1.88 

27 

19 

.703 

1.42 

29 

21 

.724 

1.38 

40.5 

20.5 

.506 

1.92 

32.5 

17.5 

.  5,38 

1.85 

28 

15 

.535 

1.86 

31.5 

18 

.  571 

1.75 

38 

23 

.605 

1.65 

27 

14 

.518 

1.92 

.'^5 

18 

.  514 

1.94 

•   •   •   • 

•   •   •   • 

14 

•   •   •   • 

.  451 

•   •   •   • 

2.21 

37 . 5 

20 

.533 

1.87 

40 

23 

.  575 

1.73 

31 

17 

.  548 

1.82 

32 

19 

.  593 

1.68 
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Spirit cr  mucronaius  mut  thedfordense — Oontinaed 


Adult  Stase 


Number  Width 

43 29mm. 

44 31 

4r» 27.5 

40 32 

47 29 

48 33 

49 32 

50 30 

51 29.5 

52 37 

53 31 

54 37 

55 30 

56 32 

57 28 

58 32 

59 33 

00 27 

61 30 

62 27 

63 34 

64 40 

65 33 

66 39 

67 29 

68 40 

69 

70 40 

71 38 

72 28 

73 35 

74 39 

75 34 

76 32 

77 26 

7S 29.5 

79 29 

80 29 

SI 31 

82 29 

S3 28 

84 32.5 

85 31 

S7 34 


Height 

26mm 

.30 

29 

25 

26 

25 

24 

25 

22 

26 

27 

24.5 

24 

25 

21 

23.5 

26 

23 

26.5 

26 

23 

25 

24 

30 

24.5 

21.5 

•  •  •  • 

29 

27 

21 

26 

25 

29.5 

26 

25.5 

24 

25 

25.5 

25 

16 

15 

21 

25 

•  •  •  • 

20 


Index 
(reverse) 

.896 

.967 

1.054 

.781 

.896 

.757 

.750 

.&33 

.745 

.702 

.870 

.662 

.800 

.781 

.750 

.734. 

.787 

.851 

.883 

.962 

.676 

.625 

.727 

.769 

.844 

.537 

•  ■  •  • 

.725 
.710 
.750 
.742 
.641 
.867 
.812 
.980 
.813 
.862 
.879 
.806 
.551 
.535 
.646 
.806 
•  •  •  • 
.588 


Index 


1.11 
1.03 
.94 
1.28 
1.11 
1.32 
1.33 
1.20 
1.34 
1.42 
1.14 
1.51 
1.25 
1.28 
1.33 
1.36 
1.26 
1.17 
1.13 
1.03 
1.47 
1.60 
1.37 
1.30 
1.18 
1.86 

•  •  •  • 

1.37 
1.40 
1.33 
1.34 
1.56 
1.15 
1.23 
1.01 
1.22 
1.16 
1.13 
1.24 
1.81 
1.86 
1.54 
1.24 

•  •  •  • 

1.70 


Neanlc  Stage 
A 


Width 

29mm. 

31 

27.5 

32 

29 

33 

32 

30 

29.5 

37 

31 

37 

30 

32 

28 

32 

33 

27 

30 

27 

34 

40 

33 

39 

29 

40 

•  •  •  • 

40 

38 

28 

35 

39 

34 

32 

26 

29.5 

29 

26 

31 

29 

28 

32.5 

31 

• .  •  • 

34 


Height  Index 
(reyerae) 

20. 5mm.. 706 


21 

20 

18 

17 

17 

19 

18 

14 

18 

20 

15.5 

19 

15.5 

16 

18 

19 

15 

17 

16 

18 

19 

17 

20 

18.5 

17.5 

•  •  •  • 

24 

20 

17 

17.5 

18.5 

21 

20 

15 

13.6 

17.6 

16.6 

17 

12 

11 

17.6 

19.6 

• .  •  • 

16 


.677 
.727 
.562 
.586 
.515 
.593 
.600 
.474 
.432 
.645 
.418 
.633 
.484 
.571 
.562 
.575 
.555 
.566 
.592 
.529 
.475 
.515 
.512 
.638 
.437 

•  •  •  • 

.600 
.521 
.607 
.500 
.474 
.617 
.626 
.676 
.457 
.603 
.696 
.548 
.413 
.392 
.638 
.629 

•  •  •  • 

.441 


\ 

Index 


1.44 
1.47 
1.37 
1.77 
1.70 
1.94 
1.68 
1.66 
2.10 
2.06 
1.55 
2.38 
1.57 
2.06 
1.76 
1.77 
1.73 
1.80 
1.76 
1.68 
1.88 
2.10 
1.94 
1.96 
1.56 
2.28 

•  •  •  • 

1.66 
1.90 
1.64 
2.00 
2.10 
1.61 
1.60 
1.73 
2.18 
1.65 
1.67 
1.82 
2.41 
2.64 
1.86 
1.68 

•  •  •  • 

2.26 


ASXAL8  .VfiH"   YORK  ACADEilY  OF  aClK.VCEH 
Spirifer  mucronatui  mat.  thedfnrdrnte — Continued 


Adult  Stage 

«-,d,^ 

iDdei 

Index 

Index 

(revere*) 

33.5m]ii.26.5iiuii..791 

1.26 

33,5niin.20mm. 

,597 

LOT 

as 

21.5 

.767 

1-.30 

28 

17 

,607 

1,64 

30 

30 

1.000 

1.00 

30 

19 

.633 

1.52 

34 

25 

.735 

1.36 

34 

IS 

.529 

1.88 

39 

27 

.692 

1.44 

39 

19 

.482 

2.03 

34 

26 

.764 

1.30 

34 

19 

.558 

1.78 

34 

25 

.735 

1.36 

34 

19 

.558 

1.78 

34 

23 

.676 

1.4T 

34 

14 

.411 

2.42 

43 

29 

.674 

1.48 

43 

19 

.441 

2.26 

31 

30 

.967 

1.03 

31 

18.5 

.596 

1.67 

35 

24 

.686 

1.45 

3.1 

IT. 5 

.500 

2,00 

27 

26.5 

.981 

1.01 

27 

19.5 

.722 

1,38 

39.5 

.^2.5 

.822 

1.21 

32.5 

19 

.5St 

1,71 

ncluBlv 

^Spir 

/cr  mutTonattm  mu 

.  aipenm 

»^. 

33.5 

32 

.952 

1.04 

at.s 

20 

,697 

1,675 

27 

25..^ 

.944 

1.05 

27 

H 

,518 

1,02 

32 

31 

.068 

1,03 

32 

19 

.593 

1,68 

26 

28 

1,076 

.928 

2fi 

IS 

,Gfi2 

1,44 

1.04 
1,07 
1,11 


18 

,Gfi2 

1,44 

14 

,459 

2,17 

20 

,597 

1.675 

14.5 

.557 

1,49 

22.5 

.612 

1.55 

13.5 

.6S5 

1,45 

20 

.645 

1,55 

17. -'i 

.673 

1.48 

22.. 1 

.803 

1,24 

20 

,68fl 

1,45 

22 

.689 

1,45 

227-445  InclusWe  =  Bpirifer  macronalun  d 


2.05 
1.80 
2.18 


2.06 
2.00 
1,71 

l.H 
1,,S0 
2.20 
1.84 
1,67 


MOOK,  VARrATIOy  IN  SPIRIFKR  MUCROXATUS 


19:; 


Spirifer  mucronatus  mut.  thedfoidense — Continued 

Adult  Stage  Neanlc  Stage 

Number  Width  Height  Index  Index  Width  Height  Index 

(reverse)  (reverse) 

461 36mm.  28mm.     .777  1.28  36mm.  '21mm.  .583 

462 32  29             .906  1.10  32  19.5  .609 

463 33  28             .848  1.17  33  18.5  .560 

464 35  26             .742  1.34  35  17  .486 

465 30  22.5         .750  1.33  30  16.5  .550 

460 33  23.5         .712  1.40  33  18  .545 

467 36  23.5         .652  1.53  36  16  .444 

468 30  24             .800  1.25  30  16  .533 

469-605  inclusive  =  Spirifer  mucronatu8  mut.  alpenense. 

606 32  32  1.000  1.00  32  18  .562 

607 31  31  1.000  1.00  31  17  .516 

608 23  25  1.086  .92  23  11  .478 

609 28.5  25             .877  1.14  28.5  15  .526 

OXv/ .....  ....  ....          ....  ....  ....  ....  .... 

611 35  28             .800  1.25  35  13  .371 

614 33  26             .757  1.26  33  15  .454 

615 36  31             .861  1.16  36  20.5  .569 

f)j.O«  ••■•  ••••  «•••      ••••  ••••  ••■•  ••••  •••• 

617 36  30      .833  1.20  36  14  .388 

618 31.5  23.5    .746  1.34  31.5  17.5  .555 

")X^  •••••  •■••  ••••       ••••  ••••  ••••  ••••  •••• 

620 38  31.5    .828  1.20  38  18  .473 

').mX  ••...  ....  ....              ....  ....  «...  ....  .... 

622 27  29  1.074  .931  27  16.5  .611 

(V23 23.5  20.5    .711  1.14  23.5  12  .510 

624 32  25      .781  1.28  32  16  .500 

625 31  28      .903  1.10  31  18.5  .596 

'  l^\J  •••••  ••••  ••••        •«••  ••••  ••••  ••••  •••• 

627 34  31.5    .926  1.07  34  15.5  .450 

628 31  26      .838  1.19  31  12  .387 

\Pm*%7   ••••■  ••••  ••••            •••«  ••••  ••••  ■•••  •••• 

630 30  30.6  1.016  .983  30  18.5  .616 

6rn 28  20      .714  1.40  28  11.5  .410 

a32 32  29.5    .921  1.08  32  18  .562 

a^S 30  20     .666  1.50  30  13  .433 

634 27  17      .629  1.58  27  11.5  .426 

635 30  18     .600  1.66  30  10  .333 

636 27.5  24      .872  1.14  27.5  13.5  .490 

637 37.5  26     .693  1.44  37.5  17  .453 

638 25.5  21      .823  1.21  25.5  10  .392 

639 37  27.5    .743  1.34  37  17  .459 

640 27  28  1.037  .964  27  16  .592 

641 36  .-^2      .8SS  1.125  36  18.5  .513 

642 27  26      AH\2  1.03  27  10  .370 

643 27  28.5  1.055  .947  27  16  .592 


Index 


1.71 
1.64 
1.78 
2.05 
1.81 
1.83 
2.25 
1 .  875 


1.77 
1.82 
2.09 
1.90 

•  •   ■  • 

2.69 
2.20 
1.7.'> 

•  •   •  • 

2.57 
1.80 

•  •   •   • 

2.11 

•  •  •  • 

1.63 
1.95 
2.00 
1.67 

•  •  •  • 

2.19 
2.58 

•  •   •  • 

1.62 
2.43 
1.77 
2. .30 
2.34 
3.00 
2.03 
2.20 
2.55 
2.17 
1.68 
1.94 
2.70 
1.68 


li)4 


AXNALS  XhJW  YOHK  ACADIJMY  OF  SCIEXCES 


Spirifcr  mucroyiatus  mut.  thedfordense — Ck>ntinued 

Adult  Stage  Neanic  Stage 

Number  Width  Height  Index  Index  Width  Height  Index 

(reverse)  (reverse) 

644 31mm.  28mm.      .903  1.10  31mm.  15. 5mm.. 500 

045 27  23.5          .870  1.14  27  10.5  .388 

046 27  2«              .962  1.03  27  13  .481 

V^Tf  !•••••  ••••  ••••           ••■•  ••••  ••••  ••••  •••• 

C;48 21)  17      .586  1.70  29  10  .344 

051 32  35  1.093  .914  32  15  .468 

652 29.5  26.5    .898  1.11  29.5  14.5  .491 

653 31  34  1.096  .911  31  16.5  .532 

654 38  31      .815  1.22  38  13  .342 

655 31  25      .806  1.24  31  12.5  .403 

058 25  26  1.040  .961  25  11  .440 

659 30  31.5  1.050  .952  30  16  .503 

660 24  20      .833  1.20  24  9  .379 

661 27  27 . 5  1 .  018  .  981  27  12  .  444 

662 37  19      .514  1.94  37  11  .297 

(;63 31  -27      .870  1.14  31  12  .387 

\#VrX  •••«•  ••••  ••••             ••••  ■•••  ••••  •■••  •••• 

665 30.5  20.5    .672  1.48  30.5  13.5  .442 

vF\^\.f  •••••  ••••  ••••        ••••  ••••  ■•••  ••••  •••• 

667 30  29      .9t)6  1.03  30  15.5  .516 

668 24.5  27.5  1.122  .89  24.5  14.5  .604 

669 27.5  27      .981  1.01  27.5  16  .581 

670 31.5  27 . 5    .  973  1.14  31.5  16. 5  .  523 

671 30  21.5    .716  1.39  30  15.5  .516 

672 31  27.5    .887  1.12  31  14.5  .467 

673 40.5  27      .666  1.50  40.5  16  .395 

674 31  24.5    .790  1.26  31  17  .548 

675 39  24      .610  1.62  39  16.5  .423 

676 35.5  30      .845  1.18  35.5  17.5  .494 

677 43.5  27      .620  1.61  43.5  17.5  .402 

678 32  26.5    .736  1.20  32  11  .343 

679 31  23.5    .754  1.31  31  13  .419 

680 39  28.5    .730  1.36  39  16.5  .428 

681 37  25.5    A)m  1.45  37  14  .378 

682 40  28.5    .712  1.40  40  13.5  .437 

683 34.5  25      .724  1.38  34.5  14  .405 

684 34.5  27.5    .797  1.25  34.5  15.5  .449 

685 37  29      .783  1.27  37  16.5  .445 

686 37  25.5    .689  1.45  37  14  .378 

687 32  32  1.000  1.00  32  18.5  .578 

68S 38  26.5    .697  1.43  38  13.5  .355 

68J) 31  28.5    .919  1.08  31  17.5  .532 

690 .34  23.5    .691  1.44  34  14  .411 


Index 


2.00 
2.57 
2.07 

•  •  ■  • 

2.90 

2.13 
2.03 
1.87 
2.92 
2.48 

2.27 

1.875 

2.66 

2 .  25 

3.36 

2.58 

•  •  •  • 

2.25 

•  •  •  • 

1.93 
1.68 
1.71 
1.1>6 
1.93 
2.13 
2.53 
1.82 
2.36 
2.02 
2.48 
2.90 
2. 38 
2.36 
2.64 
2.96 
2.46 
2.22 
2.24 
2.64 
1.72 
2.81 
1.77 
2.42 


i 


MOOK,   VARfATIOX  IX  SPIKIFER  MUCROXATUS 
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Spirifcr  tnucronaius  mut.  thedfordense — Continued 


Adult  suige 

A 


Index 


r: 


Neanic  StaKu 
\ 


Number  Width  Height  Index 

(reverse) 

mi 36mm.  27mm.  .  777 

GJV2 29  26  .895 

UW 33.5  25.5  .761 

{]^)4 28  27  .964 

(RK-» 35  29.5  .842 

696 31  22  .709 

mi 37  22.5  .608 

o« '«» .....  ...»  ..••  ••«• 

(M»9 39  26.5  .679 

7<K) 30  30.5  1.016 

701 30  23  .766 

702 42  34  .809 

I  yf'  k.....  .«>•  •■••  «... 

704 36  29  .805 

70.% 31  31.5  1.016 

7(K> 31  29  .935 

I '/!•••••  ••■•  ••••  •••• 

708 35  23.5  .671 

im 34.5  28  .811 

710 31.5  26.5  .841 

711 30  24  .800 

712 36  36.5  1.013 

713 36  29.5  .819 

714 33.5  29.5  .880 

715 29  26.5  .913 

716 33  29  .878 

717 36  30  .833 

718 40  27.5  .687 

719...:.  41  29  .707 

720 38  29  .7a3 

721 41  29.3  .714 

723 29  25  .862 

Spirifer  fnuc7'onatu8  mut.  alpenenae 

101 38  22  ."mS 

1(»2 34.5  20.5  .57S 

ia3 35.5  19.5  .549 

104 34  21.5  .573 

105 32  20.5  .640 

106 29  17  .586 

107 38  19.5  .513 

108 27  16  .592 

\m 32  23  .71S 


1.28 

1.11 
1.31 
1.03 
1.18 
1.40 
1.64 

•  •   •  • 

1.47 
.983 
1.30 
1.23 

•  •  •  • 

1.24 

.984 
1.06 

•  •  •  • 

1.48 
1.23 
1.18 
1.25 

.986 
1.22 
1.13 
1.09 
1.13 
1.20 
1.46 
1.41 
1.31 
1.38 

•  •  •  ■ 

1.16 


Width 
36mm. 

29 

33.5 

28 

35 

31 

37 

•  •  •  • 

39 
30 
30 
42 

•  •  •  • 

36 
31 
31 

•  •  •  • 

35 

34.5 

31.5 

30 

36 

36 

33.5 

29 

33 

36 

40 

41 

38 

41 

•  •  •  • 

29 


Height      Index 

(revenw?) 
15. 5mm..  430 


14.5 

12.5 

14 

11 

11.5 

12.5 

•  •  •  • 

13 
15 
13.5 
15 

•  •  •  • 

13.5 
14.5 
13.5 

•  •  •  • 

15 

18 

15.5 

12.5 

18 

16 

15 

15.5 

14 

13 

15.6 

11.5 

14 

16 

•  •  •  • 

13 


..%00 
.373 
.500 
.314 
.370 
.337 

•  •   •  • 

.3a3 

.500 
.450 
.357 

•  •   •   • 

.375 
.4a3 
.435 

•  •   •   • 

.428 

.521 

.492 

.416 

.500 

.444 

.447 

.536 

.424 

.361 

.387 

.280 

.368 

.390 

•  •  •  • 

.448 


Index 

2.32 

2.00 
2.68 
2.00 
3.17 
2.6S) 
2.96 

•  •  •  • 

3.00 
2.00 
2.22 
2.80 

■   •   •  • 

2.66 
2.13 
2.21> 

•  •   •  • 

2.;w 

1.97 

2. as 

2.40 
2.00 
2.25 
2.23 
1.87 
2.35 
2.76 
2.58 
3.56 
2.71 
2.56 

•  •  •  • 

2.23 


1 .  72 

38 

14 

.:^7 

2.71 

1.72 

34.5 

12.5 

.302 

2.76 

1.82 

35.5 

13 

.366 

2.73 

1.75 

34 

12 

.352 

2.83 

1.56 

32 

14 

.437 

2.28 

1.70 

29 

12.5 

.431 

2.32 

1.94 

38 

12.5 

.328 

3.04 

1.81 

27 

11 

.4a3 

2.45 

1.39 

32 

15 

.468 

2.13 

1^M3 


\\\ALs  ^tJ^y  youk  academy  of  ^cikxces 


Spirifer  mucronatutt  miit.  alpenense — Continued 


Svidth 
SOrnm. 

Adult  Stage 

Hei((ht      Index 
(reverse) 

22mm.      .733 

Index 
1.36 

Neanic 

Stage 

Index 
reverse) 

1..516 

Number 
110 

Width 
30mm. 

Height 
15 .  5mn 

Index 
1.93 

Ill 

41 

20.5 

.500 

2.00 

41 

12 

.292 

3.41 

112 

20 

11.5 

.442 

2.26 

26 

7.5 

.288 

3.46 

lia 

32 

20.5 

.640 

1.56 

32 

15 

.468 

2.13 

114 

25 

17 

.r>80 

1.47 

25 

11.5 

.460 

2.17 

115 

29 

18 

.620 

1.61 

29 

10 

.344 

2.90 

116 

31 

19 

.612 

1.63 

31 

12 

.387 

2.58 

117 

39 

21.5 

.551 

1.81 

39 

15 

.384 

2.m 

118 

•   •   •   • 

•   •   •   • 

•   •   •   • 

•   •   •   • 

•   «   •  • 

•  •   •   • 

■   •   •   • 

•    •    •    m 

Ill) 

38 

18.5 

.486 

2.05 

38 

11 

.289 

3.4."i 

120 

121 

122 

34 

22 

.647 

1.54 

34 

11 

.323 

3.01> 

•   •   •   • 

32 

•   •    ■    • 

22 

•   •   •   • 

.687 

•   ■   •   • 

1.45 

•   •   •  • 

32 

•   •   •   • 

13 

•   •   •   ■ 

.406 

•   •    •   • 

2 . 4(5 

123 

40 

24 

.600 

1.66 

40 

13 

..325 

3.07 

124 

38 

19 

.500 

2.00 

38 

13 

.342 

2.92 

125 

37 

22 

.594 

1.68 

37 

12 

.324 

3 .  OS 

12(5 

39.5 

20 

.500 

1.97 

39.5 

11 

.278 

3.. 59 

127 

30 

25 

.8.33 

1.20 

.30 

11 

.  36(5 

2. 72 

12S 

31 

2.3 

.741 

1.34 

31 

12 

.387 

2 .  5S 

129 

34 

21 

.617 

1.65 

34 

12 

.352 

2.83 

130 

35 

23 

.657 

1.52 

35 

11 

..314 

3.18 

131 

26 

18 

.  692 

1.44 

26 

10 

.384 

2.60 

132 

28 

21 . 5 

.767 

1.30 

28 

11.5 

.410 

2 . 4.3 

i;w 

29 

23 

.793 

1.26 

29 

11 

.  379 

2.a3 

134 

28 

22 

.  78.J 

1.27 

28 

11 

.392 

2 .  54 

135 

28 

13 

.464 

2.15 

28 

6.5 

.  232 

4 .  ,30 

130 

26 

23 

.884 

1.13 

26 

13 

..500 

2.(K) 

137 

.30 

21 

.700 

1.42 

30 

12 

.400 

2 .  .50 

138 

31 

21 

.677 

1.47 

31 

12 

.387 

2.58 

1.39 

34 

19.5 

.573 

1.74 

34 

10.5 

.309 

3.23 

140 

26 

25 

.961 

1.04 

26 

14.5 

.557 

1.79 

141 

38 

23 

.605 

1.65 

38 

11.5 

.302 

3.30 

142 

30 

23 

.766 

1.30 

30 

12.5 

.416 

2.40 

143 

29 

20 

.689 

1.45 

29 

11.5 

..396 

2 .  52 

144 

32 

25 

.781 

1.28 

32 

14 

.437 

2. 28 

145 

27 

22 

.814 

1.22 

27 

11.5 

.425 

2.34 

140 

.^3 

21 

.636 

1.57 

.33 

12 

..3a3 

2.75 

147 

31 

16.5 

..532 

1.87 

31 

12 

.,387 

2 .  58 

148 

28 

22.5 

.803 

1.24 

28 

12.5 

.446 

2.24 

149 

32 

26 

.812 

1.23 

32 

14.5 

.453 

2.09 

150 

30 

20 

.666 

1.50 

30 

14 

.466 

2.14 

151 

25 

13 . 5 

.  540 

1.85 

25 

9 

..360 

2.77 

152 

24 

20 

.833 

1.20 

24 

18.5 

.770 

1.29 

153 

29 

21 

.724 

1..38 

29 

13 

.462 

2.23 

154 

29 

12 

.413 

2.11 

29 

9.5 

..324 

3.05 

HOOK,  VARIATION   IN  SPIRIFEK  MVCRONATVS 
Spirift'T  mucTonatui  mut  alpenertte — Continued 


Adult  State 

width 

H«libt   iDdn 

ludei 

SOinin. 

22mm. 

733 

1.36 

:H 

13 

382 

2.61 

■-1) 

ir. 

517 

1.93 

M 

14.5 

557 

1.70 

:!2 

16.5 

r.12 

1.93 

a4 

18 

529 

1.88 

:i7,r> 

23 

613 

1.62 

34 

18 

529 

1.8S 

■M 

15 

576 

J. 73 

29.5 

17 

576 

1.73 

31 

m,5 

629 

1.58 

32 

22 

687 

1.46 

2S 

26 

i»28 

1.07 

26 

18.5 

711 

1.40 

32 

27 

MS 

1.18 

26 

23.5 

903 

1.10 

15 

9 

mt 

1.66 

29 

17 

586 

1.70 

30 

IS 

600 

1.66 

31 

20 

645 

1.55 

30 

IS. 5 

513 

1.04 

29 

IS 

620 

1.61 

37.5 

22 

586 

1.70 

23 

24     1 

(M3 

.96 

22 

20 

900 

1.10 

39 

23 

r.89 

1.69 

38.5 

16 

40G 

2.46 

20 

22 

758 

1.31 

32 

19.5 

609 

1.64 

38 

15.5 

407 

2.45 

30inm.     14.Gmm. 


2.80 
2.4S 
2.40 
2.07 
2.48 
2.00 
1.51! 
2.14 
2.63 
2.72 
2.00 
2.08 
2.52 
3.26 
1.68 
1.91 
2.43 


2.76 
2.15 
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Spirifer  tnucronatus  mat  alpenense — Ck>ntinued 


Width 

Adult  Sta^e 

./^. 

Height       Index 

Index 

Neanic 

Stage 
Index 

Niimlier 

Width 

Height 

Index 

(reverse) 

( 

reverse) 

230 

30mm. 

16mm. 

.533 

1.87 

30mm. 

13mm. 

.433 

2.80 

2:n 

30 

28.5 

.950 

1.05 

30 

15.5 

.516 

1.93 

2:^4 

41 

20.5 

.500 

2.00 

41 

16 

.390 

2.56 

235 

31 

20 

.645 

1.55 

31 

14.5 

.467 

2.13 

236 

81 

20 

.645 

1.55 

31 

14 

.451 

2.21 

243 

38 

19.5 

.513 

1.94 

38 

12.5 

.328 

3.04 

244 

35 

17 

.473 

2.05 

35 

9.5 

.271 

3.69 

247 

30 

21 

.538 

1.85 

39 

10.5 

.294 

3.71 

248 

32 

24 

.750 

1.33 

32 

15.5 

.484 

2.06 

249 

•   •   •   • 

•  •   •   • 

•  •   •   • 

•  •   •  • 

•  •  •  • 

•  •  •  • 

•  •   •   « 

•  •  •  • 

250 

27 

21 

.777 

1  '*'\ 

27 

15 

.555 

1.80 

251 

•   •   •   • 

•   •   •   • 

•   •   •   • 

.... 

•   •   •  • 

•    •   •   • 

•   •   •   • 

•  •  •  • 

252 

34 

20 

.588 

1.70 

34 

12 

.343 

2.83 

253 

28 

21 

.750 

l.:^^ 

28 

12.5 

.446 

2.24 

254 

32 

28 

.875 

1.14 

32 

12 

.375 

2.66 

255 

27 . 5 

22 . 5 

.818 

1  •>•> 

27.5 

15 . 5 

.563 

1.77 

266 

26 

19.5 

.750 

1.33 

26 

14.5 

.557 

1.79 

257 

26 

17 

.  053 

1.52 

26 

9 

.  346 

2.88 

258 

38 

17.5 

.480 

2.17 

38 

11 

.289 

3.45 

261 

37 

23 

.621 

1.60 

37 

14 

.378    • 

2.64 

265 

33 

19 . 5 

.590 

1.69 

33 

13.5 

.409 

2.44 

266 

•   •   •   • 

•   •   •   • 

•    •    •    • 

•   •  •  • 

•  •  •  • 

•  •  •  • 

•  •   •  • 

•  «  •  • 

267 

29 

24 

.827 

1.20 

29 

16 

.551 

1.81 

270 

24 

16.5 

.687 

1.45 

24 

10.5 

.437 

2.28 

271 

25 

14 

.560 

1.78 

25 

8.5 

.340 

2.94 

274 

30 

18.5 

.616 

1.62 

30 

14 

.466 

2.14 

275 

33 

21.5 

.a5i 

1.53 

33 

16.5 

.500 

2.00 

276 

39 

20.5 

.  525 

1.90 

39 

12.5 

.320 

3.12 

280 

31 

22 

.709 

1.40 

31 

18.5 

.596 

1.67 

281 

36 

20 

.555 

1.80 

36 

11 

.305 

3.27 

282 

42 

19 

.452 

2.21 

42 

12 

.285 

3.50 

283 

27 

23 

.851 

1.17 

27 

14.5 

.536 

1.86 

284 

•   •   •   • 

•   •   •   • 

•   •   •   • 

•   •   ■   • 

•   •   •  • 

•  * .  • 

•  •  •  • 

•   •   •   • 

285 

30 

18 

.600 

1.66 

30 

11.5 

.383 

2.60 

286 

30 

21 

.700 

1 .  42 

30 

15.5 

.516 

1.93 

287 

36 

20.5 

.625 

1.75 

36 

13.5 

.375 

2.66 

288 

41 

19 

.46,3 

2.15 

41 

10.5 

.2."'»(t 

3.J!0 

289 

•  •  •  • 

•  •  •  • 

•  • . . 

•  •  •  ■ 

•   •   •  • 

•   •   •  • 

•  •  •  • 

•   •    •    • 

290 

32.5 

19.5 

.600 

1.66 

11.5 

..VkS 

2.82 
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Spirifet-  mucronatus  mat.  alpenense — Gontinaed 


Adult  Stage 

Height      Index 

(reverse) 

'width 

Neanic  Stage 

Height      Index 
(reverse) 

Number 

Width 

Index 

Index 

291 

41mm. 

20mm. 

.487 

2.05 

41mm. 

12mm. 

.292 

3.41 

292 

•  •   •  • 

•  •  •  •                   < 

»  •   •  • 

•  •   •  • 

.... 

•  •  •  • 

•   •  • 

•  •  •  • 

29.'^ 

32 

15.5 

A^ 

2.06 

32 

10.5 

328 

3.04 

294 

•   •   •   • 

•  •  •  •                  t 

»  •   •  • 

•  •  •  ■ 

•  •  •  • 

•   •   •   • 

»  •  •  • 

...   a 

29r» 

30 

16.5 

550 

1.81 

30 

11.5 

383 

2.60 

2?>« 

31 

17.5 

.5^ 

1.77 

31 

14 

451 

2.21 

297.... 

•   •   •  • 

....         < 

1  •  •  • 

•  •  •  • 

•  •  •  • 

•  ■  •  •                    fl 

1  •  •  ■ 

•  *  »  • 

298 

31 

15.5 

.500 

2.00 

31 

9 

290 

3.44 

299 

•  •  •  • 

•  •  •  •                   « 

1  •   •  ■ 

•  •  •  • 

. . .  • 

•  •  •  • 

I  •  •  • 

•   •  •  • 

300 

.     35 

•23 

.657 

1.52 

35 

14 

400 

2.50 

301 

•   •   •  • 

•  •  •  •                  1 

»  •  •  • 

•  •   •  • 

•  •  •  • 

....          < 

1  •  •  • 

•  •  •  • 

302.... 

.     30 

15.5 

.516 

1.93 

30 

8.5 

283 

3.62 

303 

.     27 

14 

.518 

1.92 

27 

7.5 

277 

3.60 

304 

305 

306. . . . 

35 

20 

.571 

1.75 

35 

12 

.342 

2.91 

•   •   •  • 

.     30 

....          < 
17.5 

1    a    .    • 

.583 

•  •  •  • 
1.77 

.    .    a    • 

30 

•   •  •  •                    « 

11 

»  •  •  • 

» • » • 
2.72 

307.... 

.     32 

17 

.531 

1.88 

32 

12.5 

.390 

2.56 

308 

.     39 

20.5 

.525 

1.90 

39 

12.5 

320 

3.12 

309 

35 

22.5 

643 

1.55 

9   m    »    » 

»   »    a   »                       ) 

I  •  •  • 

•  •   a   • 

330 

.     25 

17.5 

.700 

1.42 

25 

9 

.360 

2.77 

311 

.     34 

23 

.676 

1.45 

34 

12.5 

.367 

2.72 

312.... 

.    26 

15.6 

.596 

1.67 

26 

9 

.346 

2.88 

313..-.. 

314 

315.... 
316. . . . 
317 .... 

.     33 

22 

.666 

1.50 

33 

12.5 

.378 

2.62 

1          •  •  •  • 

.     36 

•  •  •  • 

16 

»  •  •  • 

.444 

•  •  •  • 

2.25 

•  •  •  • 

36 

•   •  •  • 

11.5 

»  •  •  ■ 

.319 

a    a    a    a 

3.13 

»          •  •  •  • 

.     26 

•  •  •  • 

15 

»  •   •   • 

.576 

•  •   •  • 

1.73 

•  •  •  • 

26 

...  a 
11 

»  •  •  • 

.423 

a   a   a   a 

2.36 

318.... 
319.... 
320.... 
321.... 
322.... 

.     37 

18 

.432 

2.05 

37 

9 

.243 

4.11 

1          •  •  •  • 

.    38 

•  •  •  •                  i 

18 

»  •  •  • 

.473 

•  •  •  • 

2.11 

.    .   a  • 

38 

•  •  •  • 

10.5 

t » » » 
.276 

»    »    »    9 

3.62 

»          •  •  «  • 

.     26 

•  •  •  • 

16 

> . . . 
.615 

.... 
1.62 

...  a 

26 

a   a    a    . 

12 

t   •   •   m 

.461 

a   a   a   a 

2.16 

323.... 

.     87 

19 

.513 

1.94 

37 

Id 

.348 

2.84 

324.... 

.     32 

27 

.843 

1.18 

32 

15 

.468 

2.13 

325 

.     26 

12 

.461 

2.16 

26 

7.5 

.280 

3.46 

326.... 

■          •  •  •  • 

•  •   •  • 

k  •  •  • 

•  •  •  • 

.... 

•     •     •     •                             .4 

1  a    a   a 

a   a   a  a 

327.... 

.     31 

18.5 

.696 

1.67 

31 

14 

.461 

2.21 

328.... 

.     27.5 

19 

.690 

1.44 

27a6 

10.6 

.881 

2.61 

;^29.... 

•          •  •  •  • 

•  •  •  • 

1  •  •  • 

•  •  •  • 

a    a    .    . 

• » » t         1 

1  •  •  • 

.   .   a   a 

330. . . . 

.    38 

19.5 

513 

1.94 

38 

12.6 

328 

3.04 

331.... 

.     30 

20 

.VKID 

1.50 

30 

12.6 

416 

2.40 

332 

I          •  •  •  • 

•  •  •  •                  1 

>     •     •    • 

•  •   •  • 

•  •  •  • 

a   a    .    .                        I 

1  •  •  • 

a    a    a    a 

333 

.     25.5 

14.5 

568 

1.75 

25.5 

8 

313 

8.18 

334 

»          •  •  •  • 

•  •  •  •                  « 

•   •  • 

•  •  •  • 

...   a 

•  •  •  ■                   i 

>    a    .    . 

m   a    »   m 

335 

.     26 

17.5 

672 

1.48 

26 

11 

423 

2.86 
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Spirit er  mucronatua  mut  alpenense — Ck>ntinued 


Adult  SUge 

A 


Number 

338. 
339. 
340. 
341. 
342. 
343. 
344. 
345. 

348. 
349 . 
350. 
351. 
352 . 

3r»3. 

354 . 

355 . 
356. 
8r»7 . 

361. 

364. 
365. 
366. 
367. 

373. 
374. 


f  to . 


.•^76. 
377. 
378. 
379. 
3S0. 
3M . 
382. 
3S3 . 

;:k4. 

.3S5. 
3S6. 
.387. 
.388. 
389. 
.3<K). 

:wi . 


Width 

29II11B. 

29 

29 

27 

35 

32 

L>9.5 

27 

29 


Height      Index 

(reverse) 

19.5miii..672 


21.5 

20 

16 

23 

17 

24 

24 

18 


•   •    • 


.741 
.689 
.592 
.657 
.531 
.813 
.888 

.620 


Index 


1.48 
1.34 
1.45 
1.68 
1.52 
1.88 
1.22 
1.12 

1.61 


Neanic  Stage 

A 


Width 

29mm. 

29 

29 

27 

35 

32 

29.5 

27 

29 


Height      Index 

( reverse ) 

11mm.     .379 


13.5 
13 
8.5 
11.5 
10.5 
15.5 
14 

11 


.462 
.448 
.314 
.325 
.324 
.525 
.518 

.379 


Index 


2.6a 
2.14 
2.21 
3.64 
3.04 
3.04 
1.90 
1.92 

2.63 


28 

18 

.642 

1.55 

28 

10 

.357 

2.80 

33 

16 

.484 

2.06 

.3;i 

11 

..^33 

3.00 

•  •  •  • 

27 

•  •  •  • 

20.5 

•  •  •  • 

.759 

•  •  •  • 

1.31 

•  •  •  ■ 

27 

•  •  •  • 

14 

•  ■  •  • 

.518 

•  •  •  • 

1.92 

•  •  •  • 

34 

•  •  •  ■ 

19 

•  •  •  • 

.558 

•  •  •  • 

1.78 

•  •  •  • 

34 

•  ■  •  • 

9.5 

•  •  ■  • 

.279 

•  •  •  • 

3.57 

•  •  •  • 

34 

•  •  •  • 

22.5 

•  •  •  • 

.061 

•  •  •  • 

1.51 

•  •  •  • 

34 

•  •  •  • 

14 

•  •  »  • 

.411 

•  •  •  • 

2.42 

34 

19 

.  558 

1.78 

34 

16 

.470 

2.12 

33 

19.5 

.590 

1.69 

:« 

13 

..393 

2.53 

20 

17 

.586 

1.70 

29 

9 

.310 

3.22 

•  •  •  • 

;:9.5 

•  •  •  • 

18.5 

•  •  •  • 

.  465 

•  •  •  • 

2.13 

•  •  •  • 

39.5 

•  •  •  • 

11 

•  •  •  • 

.278 

•  •  •  • 

3.59 

26 

23 

.884 

1.13 

26 

14.5 

.557 

1.79 

32 

21.5 

.661 

1.48 

32 

15 . 5 

.484 

2.06 

•  •  •  • 

25 

•  ■  •  • 

15 

•  •  •  • 

.600 

■  •  •  ■ 

1.66 

•  •  •  • 

25 

•  a  •  • 

7 

•  •  •  • 

.280 

•  •  •  • 

3.57 

30 

12.5 

.416 

2.40 

30 

8 

.266 

3.75 

31 

20 

.645 

1.55 

31 

14 

.451 

2.21 

30 

15.5 

.516 

1.93 

30 

11.5 

.383 

2.60 

27 

16 

.592 

1.68 

27 

12.5 

.462 

2.16 

21 

20.5 

.976 

1.02 

21 

11 

..523 

1.90 

•  •  •  • 

35 

•  •  •  • 

21 

•  •  •  • 

.<iOO 

•   •   •   A 

1.66 

•  *  •  • 

35 

.... 
14.5 

•  •  •  • 

.414 

•  •  •  • 

2.41 

27 

17 

.629 

1.58 

27 

11 

.407 

2.45 

29 

10.5 

.568 

1.75 

29 

11.5 

.396 

2.52 

31 

18.5 

.596 

1.67 

31 

11 

.,3.54 

2.81 

25 

16 

.640 

1.56 

25 

10.5 

.420 

2.38 

.35 

20.5 

.581 

1.70 

.35 

12.5 

.357 

2.80 

.36 

19 

.527 

1.89 

36 

13 

.361 

2.76 

.36 

13.5 

.374 

2.66 

36 

10 

.277 

3.60 

21> 

19 

.6.VJ 

1.52 

21» 

11.5 

..396 

2 .  52 
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Spirit er  mucronatus  mut.  alpenense — (Continued 


Width 
35mui. 

Adult 

A 

Height 
19niin. 

Stage 

Index 
(reverse) 

.542 

Index 
1.94 

Neanlc 

Stage 

Number 
392 

Width 
35inni. 

Height   index 
(reverse) 

12.5min..357 

Index 
2.80 

•!fi'0  •  .  .  •  • 

38 

17.5 

.486 

2.17 

38 

13.5 

.355 

2.81 

t  ••)4 

31 

20.5 

.(•»61 

1.51 

31 

15.5 

.500 

2.00 

^95 

23 

15 

.656 

1.53 

23 

9.5 

.413 

2.41 

•.■iVM) ..... 

38 

17 

.447 

2.23 

38 

12 

.315 

3.16 

•.><^l  .  .  .  •  • 

35 

16.5 

.471 

2.12 

35 

10.5 

.300 

3.33 

•>«'o 

24 

15.5 

.645 

1.54 

24 

11 

.458 

2.18 

3W 

27 

19 

.703 

1.42 

27 

12 

.444 

2.25 

4()0 

29.5 

19' 

.644 

1.55 

29.5 

10 

.338 

2.95 

^01 

30 

21 

.700 

1.42 

30 

13 

.433 

2.30 

402 

33 

16.5 

.500 

2.00 

33 

11 

.333 

3.00 

403 

36 

17.5 

.486 

2.05 

36 

10.5 

.291 

3.42 

404 

26 

16 

.615 

1.62 

26 

10.5 

.403 

2.47 

405 

35 

18.5 

.  r.28 

1.89 

35 

14.5 

.414 

2.41 

406 

39 

21 

.538 

1.85 

39 

15 

.384 

2.60 

407 

27 

14 

.518 

1.92 

27 

10 

.370 

2.70 

408 

22 

12.5 

.568 

1.76 

22 

9 

.409 

2.44 

409 

33 

19.5 

.590 

1.69 

33 

12.5 

.375 

2.64 

410 

20.5 

16.5 

.804 

1.24 

20.5 

10.5 

.512 

1.95 

411 

30 

21 

.700 

1.42 

30 

14 

.466 

2.14 

412 

27 

15 

1.80 

27 

9.5 

.351 

2.84 

413 

2<] 

20 

.769 

1.30 

26 

12.5 

.480 

2.08 

414 

26 

18.5 

.711 

• 

1.40 

26 

12.5 

.480 

2.08 

415 

29 

20 

.689 

1.46 

29 

11.5 

.396 

2.52 

410 

27 

20.5 

.759 

1.31 

27 

13 

.481 

2.07 

417 

28 

17.5 

.625 

1.60 

28 

10.5 

.375 

2.64 

418 

27.5 

20.5 

.745 

1.31 

27 . 5 

14 

.509 

1.96 

419 

27.5 

20.5 

.745 

1.31 

27.5 

15 

.545 

i.as 

420 

28 

21 

.750 

1.33 

28 

14 

.500 

2.00 

421 

27 

20 

.740 

1.35 

27 

11.5 

.425 

2.34 

.J22 

26.5 

20.5 

.773 

1.29 

26.5 

14 

.528 

1.89 

423 

28 

23.5 

.839 

1.19 

28 

17 

.607 

l.W 

424 

26 

23 

.884 

1.13 

26 

16.5 

.634 

1.57 

4L>5 

27 

14.5 

.  537 

1.86 

27 

10 

.370 

2.70 

426 

26.5 

19 

.716 

1.39 

26.5 

12 

.452 

2.20 

427 

26 

21 

.807 

1.23 

26 

13 

.500 

2.00 

428 

30 

18.5 

.616 

1.62 

30 

11.5 

.383 

2.60 

429 

27.5 

18 

.654 

1 .  52 

27.5 

12.5 

.454 

2.20 

430 

28 

20 

.714 

1.40 

28 

12.5 

.446 

2.24 

431 

26 

18.5 

.714 

1.40 

26 

13.5 

.519 

1.92 

I*  *— ..... 

26.5 

21.5 

.811 

1.20 

26.5 

14.5 

.547 

1.82 

4.33 

25 

18 

.720 

1.38 

25 

12.5 

.500 

2.00 

434 

27 

•  23 . 5 

.870 

1.14 

27 

17 

.629 

1.58 

435 

::o 

22.5 

.  750 

1.33 

30 

14.5 

.483 

2.06 

436 

33 

21.5 

.a5i 

1.52 

33 

11.5 

.348 

2.86 
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Spirifer  muctonatua  mut.  alpenense — CJontinued 


Adult  Stage 

Neanic 

Stage 

Index 
reverse) 

.464 

Number 
550 

Width 
28mm. 

Height   Index 
(reverse) 

21. 5mm..  767 

Index 
1.30 

Width 
28mm. 

Height 

( 
13mm. 

Index 
2.16 

551 

24 

19 

.791 

1.26 

24 

12 

.500 

2.00 

552 

28 

14 

.500 

2.00 

28 

11 

.  392 

2.54 

553 

27 

22.5 

.833 

1.20 

27 

10 

..370 

2.70 

554 

29 

18 

.620 

1.61 

29 

12 

.413 

2.41 

555 

24 

22 

.916 

1.09 

24 

13 

.641 

1.84 

556 

34 

21.5 

.632 

1.58 

34 

13.5 

.397 

2.51 

557 

27 

19 

.7a3 

1.42 

27 

12 

.444 

2.25 

558 

28 

19 

.  (MH 

1.47 

28 

13 

.464 

2.15 

559 

31 

21.5 

.687 

1.44 

31 

11 

.354 

2.81 

560 

25 

22.5 

.900 

1.11 

25 

11 

.440 

2.27 

561 

25 

12.5 

.500 

2.00 

25 

11 

.440 

2.27 

562 

27 

17.5 

.648 

1.54 

27 

11 

.407 

2.45 

563 

24 

23 

.958 

1.04 

24 

15 

.625 

1.60 

5(U 

29 

20.5 

.706 

1.41 

29 

14.5 

.500 

2.00 

565 

31 

21 

.677 

1.47 

31 

14 

.451 

2.21 

566 

27 

23 

.851 

1.17 

27 

13.5 

.500 

2.00 

667 

30 

24 

.800 

1.25 

30 

15 

.500 

2.00 

568 

30 

20 

.666 

1.50 

30 

13 

.433 

2.30 

569 

33 

27 

.818 

1.22 

33 

14 

.423 

2.35 

570 

27 

23 

.851 

1.17 

27 

16 

.592 

1.68 

571 

25 

24 

.960 

1.04 

25 

10 

.400 

2.50 

572 

31 

27 

.870 

1.14 

31 

14 

.451 

2.21 

573 

28 

20 

.714 

1.40 

28 

14 

.500 

2.00 

574 

28 

20 

.714 

1.40 

28 

14.5 

.517 

1.93 

575 

29 

24 

.827 

1.20 

29 

14 

.483 

2.07 

576 

26 

20 

.800 

1.25 

25 

13.5 

.540 

1.85 

577 

30 

22 

.733 

1.36 

30 

13 

.433 

2.30 

578 

26 

22 

.846 

1.17 

26 

14 

.538 

1.85  • 

579 

26 

14 

.538 

1.85 

26 

11 

.423 

2.36 

580 

28 

18 

.642 

1.55 

28 

12 

.428 

2.33 

581 

30 

18 

.600 

1.66 

30 

11.5 

.388 

2.60 

582 

28 

22.5 

.803 

1.24 

28 

11.5 

.410 

2.43 

583 

31 

16.5 

.632 

1.87 

31 

8 

.254 

3.87 

584 

25 

21 

.840 

1.19 

25 

12 

.480 

2.08 

585 

36 

22 

.611 

1.63 

36 

13 

.361 

2.76 

586 

28 

22 

.785 

1.27 

28 

14.5 

.517 

1.93 

587 

25 

24 

.960 

1.04 

25 

14.5 

.604 

1.72 

588 

27 

19.5 

.722 

1.38 

27 

12 

.444 

2.25 

589 

27 

17 

.629 

l..^)8 

27 

9 

.333 

3.00 

590 

19.6 

13 

.666 

1.50 

19.5 

7.5 

.384 

2.53 

591 

30.5 

20.5 

.672 

1.48 

30.5 

12.6 

.409 

2.44 

nVfarf  .  •  . . . 

32 

17.5 

.546 

1.82 

32 

9.5 

.296 

3..3(J 

593 

28 

23 

.821 

1.21 

28 

15 

..5.34 

1.86 

594 

27 

15 . 5 

.574 

1.74 

27 

10.5 

.3SS 

2.. 57 

MOOK.   VARIATION  IX  SPIRIFER  MUCRONATUS 
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Spirifer  mucranatua  mut.  alpenvnae — Ck>ntinued 


Width 

Adult 
Height 

Stage 

Index 
(reverse) 

Index 

Neanic 

Stage 

Numlier 

Width 

Height 

Index 
reverse) 

Index 

503 

25inm. 

19inTn. 

.760 

1.31 

25inin. 

12mm. 

.480 

2.08 

504 

.     33 

24.5 

.742 

1.34 

33 

15.5 

.499 

2.12 

505 .... 

.     33.5 

21 

.626 

1.59 

33.5 

10 

.298 

3.35 

500 

.     27 

22.5 

.83.3 

1.20 

27 

14 

.518 

1.92 

507.... 

.     30 

21 

.583 

1.71 

36 

12.5 

.347 

2. as 

508... 

.     30 

23 

.766 

1.30 

30 

10.5 

.350 

2.85 

r.09 

.     28 

19.5 

.696 

1.43 

28 

10.5 

.375 

2.66 

510.... 

.     28 

19.5 

.696 

1.43 

28 

13.5 

.482 

2.07 

511.... 

.     28 

24 

.856 

1.16 

28 

13 

.464 

2.15 

M2.... 

.     25 

21 

.840 

1.19 

25 

14 

.560 

1.78 

5i;5 

.     36 

26.5 

.736 

1.35 

36 

16.5 

.458 

2.18 

514 

.     28 

21 

.750 

1.33 

28 

13.5 

.482 

2.07 

51.-i.... 

.     32 

23.5 

.734 

1.36 

32 

9 

.281 

3.55 

510.... 

.     30 

21 

.700 

1.42 

:u) 

9 

.300 

3.33 

517.... 

.     40 

19 

.475 

2.10 

40 

11 

.275 

3.63 

518 

30 

17.5 

.583 

1.71 

30 

10 

.333 

3.00 

510.... 

1           •  •   •   • 

•   •   •   • 

•   •   •   • 

•  •   •   • 

•   •   •  • 

•  •  •  • 

•   •   •   • 

•  •  •  • 

520. . . . 

.    30 

22 

.733 

1.36 

30 

12.5 

.416 

2.40 

521.... 

.     26 

26 

1.000 

1.00 

26 

13.5 

.  519 

1.92 

522 

.     26 

15.5 

.596 

1.67 

26 

8.5 

.326 

3.05 

.'2:5.... 

.     31 

15.5 

.500 

2.00 

31 

8 

.258 

3.87 

524.... 

.     29 

22 

.758 

1.31 

29 

12.5 

.431 

2.32 

525 

•   •   •  • 

•   •   •   • 

•   •   •   • 

•  •   •   • 

•  •   •  • 

•  •  •   • 

•  •   •   • 

•  •  •  • 

52<> 

.     35 

21.5 

.614 

1.62 

35 

10 

.2a5 

3.50 

527 

.     25 

22 

.880 

1.13 

25 

9.5 

.380 

2. as 

52S.... 

.     27 

21 

.777 

1.28 

27 

12.5 

.462 

2.16 

52t» 

.     31 

19 

.612 

1.63 

31 

10.5 

.338 

2.95 

rcio 

.     28 

21 

.750 

1.33 

28 

13 

.464 

2.15 

.vn 

.     liO 

19 

.«« 

1.57 

30 

10.5 

.350 

2.85 

532 

.     35 

•>*> 

•••< 

.628 

1.59 

35 

11 

.314 

3.18 

5;i*; 

.     27 

18.5 

.611 

1.45 

27 

9 

.333 

3.00 

5;m 

.     29 

19 

.655 

1.52 

29 

8 

.275 

3.62 

5.35 

.     30 

20.5 

.683 

1.46 

30 

10 

.333 

3.00 

ruii) 

.     24 

21.5 

.895 

1.11 

24 

14 

.583 

1.71 

XM 

.     26 

22.5 

.865 

1.15 

26 

13 

.500 

2.00 

row 

.     24 

19.5 

.812 

1.23 

24 

10.5 

.437 

2.28 

5;m.... 

.     25 

21 

.840 

1.19 

25 

13 

.520 

1.92 

540.... 

.     26 

20 

.769 

1.30 

26 

14 

.576 

1.85 

541.... 

.     26 

IS 

.692 

1.44 

26 

10 

.384 

2.60 

545 

.     24 

19 

.791 

1.26 

24 

12 

.500 

2.00 

5^16.... 

.     24 

19 

.791 

1.26 

24 

1 

.291 

3.42 

547.... 

.     37.5 

24 

.WO 

1.56 

37.5 

12 

.320 

3.12 

548 

.     23 

19 

.826 

1.21 

23 

9.5 

.413 

2.42 

540 .... 

.     24 

17.5 

.729 

1.37 

24 

10 

.416 

2.40 
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Spirifer  tnucfonatua  mut.  alpenense — Continued 


Adult  Stage 

A, 

Width 
28mnL 

Neanic 

Height 
( 

13mm. 

stage 

Number 
550 

Width 
28mm. 

Height   Index 
(reverse) 

21. 5mm..  767 

Index 
1.30 

Index 
reverse) 

.464 

Index 
2.16 

551 

24 

19 

.791 

1.26 

24 

12 

.500 

2.00 

552 

28 

14 

.500 

2.00 

28 

11 

.  392 

2.54 

553 

27 

22.5 

.833 

1.20 

27 

10 

.  370 

2.70 

554 

29 

18 

.620 

1.61 

29 

12 

.413 

2.41 

555 

24 

22 

.916 

1.09 

24 

13 

.641 

1.84 

55C 

34 

21.5 

.632 

1.58 

34 

13.5 

.397 

2.51 

557 

27 

19 

.7a3 

1.42 

27 

12 

.4*4 

2.25 

558 

28 

19 

.67.S 

1.47 

28 

13 

.464 

2.15 

559 

31 

21 . 5 

.687 

1.44 

31 

11 

.354 

2.81 

560 

25 

22.5 

.900 

1.11 

25 

11 

.440 

2.27 

561 

25 

12.5 

.500 

2.00 

25 

11 

.440 

2.27 

562 

27 

17.5 

.648 

1.54 

27 

11 

.407 

2.45 

563 

24 

23 

.958 

1.04 

24 

15 

.625 

1.60 

504 

29 

20.5 

.706 

1.41 

29 

14.5 

.500 

2.00 

565 

31 

21 

.677 

1.47 

31 

14 

.451 

2.21 

566 

27 

23 

.851 

1.17 

27 

13.5 

.500 

2.00 

567 

30 

24 

.800 

1.25 

30 

15 

.500 

2.00 

568 

30 

20 

.066 

1.50 

30 

13 

.433 

2.30 

*f\}»r  .  •  •  .  • 

33 

27 

.818 

1.22 

33 

14 

.423 

2.35 

570 

27 

23 

.851 

1.17 

27 

16 

.592 

1.68 

571 

25 

24 

.960 

1.04 

25 

10 

.400 

2.50 

572 

31 

27 

.870 

1.14 

31 

14 

.451 

2.21 

573 

28 

20 

.714 

1.40 

28 

14 

.500 

2.00 

574 

28 

20 

.714 

1.40 

28 

14 . 5 

.517 

1.93 

575 

29 

24 

.827 

1.20 

29 

14 

.483 

2.07 

576 

25 

20 

.800 

1.25 

25 

13.5 

.540 

1.85 

577 

30 

22 

.733 

1.36 

30 

13 

.433 

2.30 

578 

26 

22 

.846 

1.17 

26 

14 

.538 

1.85 

579 

26 

14 

.538 

1.85 

26 

11 

.423 

2.36 

580 

28 

18 

.642 

1.55 

28 

12 

.428 

2.33 

5ftl 

30 

18 

.600 

1.66 

30 

11.5 

.388 

2.60 

582 

28 

22.5 

.803 

1.24 

28 

11.5 

.410 

2.43 

583 

31 

16.5 

.532 

1.87 

31 

8 

.254 

3.87 

584 

25 

21 

.840 

1.19 

25 

12 

.480 

2. OS 

585 

36 

22 

.611 

1.63 

36 

13 

.361 

2.76 

586 

28 

22 

.785 

1.27 

28 

14.5 

.517 

1.93 

587 

25 

24 

.960 

1.04 

25 

14.5 

.604 

1.72 

588 

27 

19.5 

.722 

1.38 

27 

12 

.444 

2.25 

589 

27 

17 

.629 

1.58 

27 

9 

.333 

3.00 

690 

19.6 

13 

.666 

1.50 

19.5 

7.5 

.384 

2.53 

591 

30.5 

20.6 

.672 

1.48 

30.6 

12.6 

.409 

2.44 

592 

32 

17.5 

.546 

1.82 

32 

9.5 

.296 

3.36 

593 

28 

23 

.821 

1.21 

28 

15 

.534 

1.86 

594 

27 

15 . 5 

.574 

1.74 

27 

10.5 

.388 

2.57 

.\fOOK,  VARIATION  IN  8PIRIFER  MUCRONATUS 
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Spirifer  mtwi'onatua  mut.  alpenense — Continued 


Width 

Adult  Stage 

A 

Height      Index 

Index 

Neanlc  Stage 

Number 

Width 

Height 

Index 

Index 

(reverse) 

( 

reverse) 

595 

25mm. 

25mm. 

1.000 

1.00 

25mm. 

15mm. 

.600 

1.66 

596 

35 

12.5 

.357 

2.80 

35 

9.5 

.271 

4.10 

597 

33 

22 

.666 

1.50 

38 

13 

.393 

2.53 

598 

•    m    •    • 

. .  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

■  ■  •  • 

•  •  •  • 

•  •  •  • 

599 

29.5 

20 

.677 

1.47 

29.5 

11 

.372 

2.68 

600 

24 

15.5 

.645 

1.56 

24 

10 

.416 

2.40 

601 

28 

20 

.714 

1.40 

28 

13 

.464 

2.15 

602 

28 

18.5 

.660 

1.51 

28 

11 

.392 

2.54 

603 

29.5 

20 

.677 

1.47 

29.5 

11.5 

.389 

2.96 

604 

28.5 

19.5 

.684 

1.46 

28.5 

12 

.421 

2.37 

605 

30 

13.5 

.450 

2.22 

30 

9 

.300 

3.33 

Spirifer  mucronatua  mut  profundus 


^1.... 

23 

15 

.652 

1.53 

23 

11.5 

.600 

2.00 

802 

24 

13.5 

.562 

1.77 

24 

9.5 

.395 

2.52 

oUO .... 

22 

15.5 

.704 

1.41 

22 

11.5 

.522 

1.91 

oUO .... 

27 

18 

.666 

1.50 

27 

13 

.481 

2.07 

«07.... 

25 

17 

.680 

1.47 

25 

9 

.360 

2.77 

808 

30 

16 

.533 

1.87 

30 

11 

.366 

2.72 

■oUo .... 

28 

15 

.535 

1.86 

28 

10 

.357 

2.80 

510.... 

23 

16 

.695 

1.43 

23 

9 

.391 

2.55 

811 

27 

15 

.555 

1.80 

27 

11 

.407 

2.45 

812.... 

28 

16 

.571 

1.75 

28 

11 

.392 

2.54 

813.... 

23 

15 

.652 

1.53 

23 

11 

.478 

2.09 

814.... 

22 

19 

.863 

1.16 

22 

15 

.681 

1.46 

815.... 

21 

14 

.666 

1.50 

21 

11.5 

.547 

1.82 

816.... 

•  •   •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

817.... 

22 

15 

.681 

1.46 

22 

9 

.409 

2.44 

«18.... 

34 

18 

.529 

1.88 

34 

10 

.294 

3.40 

819.... 

22.5 

11 

.493 

2.04 

22.5 

8 

.365 

2.81 

820.... 

22 

19 

.863 

1.15 

22 

12 

.545 

1.83 

«21.... 

25 

20 

.800 

1.25 

25 

14 

.560 

1.78 

822.... 

27       • 

16 

.518 

1.68 

27 

10 

.370 

2.70 

823.... 

19 

13 

.684 

1.46 

19 

9.5 

.500 

2.00 

824.... 

22 

13 

.590 

1.69 

22 

8.5 

.386 

2.58 

825.... 

23 

17.5 

.760 

1.31 

23 

11 

.478 

2.09 

826.... 

23 

19.5 

.847 

1.17 

23 

11 

.478 

2.09 

827.... 

19.5 

14 

.717 

1.39 

19.5 

12.5 

.641 

1.56 

«28.... 

19 

19 

1.000 

1.00 

19 

10 

.526 

1.90 

829.... 

26 

18 

.692 

1.44 

26 

10 

.384 

2.60 

830.... 

20 

17.5 

.875 

1.14 

20 

9 

.450 

2.22 

831 

21 

15.5 

.738 

1.35 

21 

10.5 

.500 

2.00 

832 

23 

16 

.695 

lAti 

23 

12 

..')21 

1.91 

<JOO  «... 

27 

16.5 

.574 

1.74 

27 

10 

.370 

2.70 
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AXyALfi  NEW  YORK  ACADEMY  OF  SCIEXCE8 


Spirit er  mucrrmatus  mut.  profundus — Ck>ntlnued 


Width 
.     20mm. 

Adult 
Height 

13mm. 

Sta;re 

Neauic 

Stage 

Number 
oo4 ... 

Index 
(reverse) 

.650 

Index 
1.53 

Width 
20mm. 

Height      Index 
(reverse) 

8mm.     .400 

Ind^x 
2.60 

830... 

.     28 

15 

.535 

1.86 

28 

10 

.  357 

2.80 

836... 

.     20 

13 

.  650 

l..'>3 

20 

9 

.450 

^0    •    AMMrf 

837.... 

24 

16 

.666 

1.50 

24 

9 

.375 

2.66 

838... 

.     29 

16 

.551 

1.81 

29 

10 

.344 

2.90 

839.... 

.     19.5 

13.5 

.692 

1.42 

19.5 

8.5 

.435 

2.29 

840... 

.     20 

14 

.700 

1.42 

20 

9.5 

.475 

2.10 

841.... 

.     18 

12.5 

.694 

1.44 

IS 

8 

.466 

2.25 

842.... 

25 

14 

.560 

1.78 

25 

9 

.360 

2.77 

843... 

.     19 

17 

.894 

1.11 

19 

11 

.  578 

1.72 

844.... 

2:5 

15.5 

.673 

1.4.V 

23 

9 

.347 

2.55 

845 

.     24 

15 

.625 

l.m 

24 

9 

.375 

2.66 

846.... 

27 

13.5 

.500 

2  Mi 

27 

9.5 

.351 

2.80 

847.... 

•    •    •    • 

•   •   •   • 

•   •    •   • 

•   •   •   • 

•   •   •    • 

•   •   •   • 

■   •   •   • 

•   ■   •   • 

.848.... 

17 . 5 

15 

.K'u 

1.16 

17.5 

9 

.514 

lAH 

849.... 

29 

14 

.482 

2.07 

29 

10 

.344 

2.90 

a>o 

3(> 

15.5 

.516 

1.93 

30 

9.5 

.316 

3 .  15 

8.31 . . . . 

27 

16 

.592 

1.6S 

27 

10.5 

.388 

2.57 

8ri2 

•   •   ■   • 

•   •   •   • 

•   •   •   • 

•   •   ■   • 

•   •   •   • 

•   •   •   • 

•  •  •  • 

•   •   •   • 

853 

.     18 

12.5 

.694 

1.44 

18 

7 

.388 

2.57 

854 . . . . 

19 

10 

.  526 

l.fK) 

19 

6.5 

.342 

2.90 

855... 

.     25 

15 

.600 

1.66 

25 

9 

.360 

2.7T 

856 

24 

l.'» 

.  625 

1 .  m 

24 

9 

.375 

2.66 

857.... 

27 

14 

.  518 

1 .  92 

27 

9.5 

.351 

2.08 

8."iS.... 

2.'>.5 

IS 

.705 

1.41 

25.5 

10.5 

.411 

2.42 

859.... 

19.5 

13.5 

.692 

1.44 

19.5 

8 

.410 

2.68 

biiO 

24 

15 

.  625 

1.60 

24 

10 

.416 

2 .  40 

m;i 

2.'{ 

16 

.  695 

1 .  43 

23 

10.5 

.456 

2 .  19 

862... 

22 

11 

.500 

2.(K> 

22 

6.5 

.  295 

3.38 

8(« . . . 

.     23 

15.5 

.673 

1.48 

23 

9 

.391 

2.55 

WW.... 

22.5 

13.5 

.600 

1.66 

22.5 

9.5 

.422 

2.36 

8(i5 . . . . 

.     20 

17 

.850 

1.17 

20 

9 

.450 

2.22 

86(i.... 

.     23 

13 

.565 

1.77 

23 

9 

.391 

2.55 

867.... 

22 

16.5 

.750 

1..^3 

22 

11 

.500 

2.00 

868... 
8(59.... 
870 

.     20 

12 

.600 

1.66 

20 

8 

.400 

2.50 

•   •   •   • 

23.5 

•   •   •   • 

11 

•   •   •   • 

.468 

•   •   •  • 

2.13 

•  •   •   • 

23.5 

•  •  •  • 

8 

•   •   •   • 

.340 

•   •   •   • 

2.93 

871.... 

t          •   •   •  • 

•   •   •   • 

•   •   •   • 

•  •   •  • 

•  •   •    • 

•  •   ■  • 

•   •   •   • 

•  •  •  • 

872.... 

.     24 

14 

.583 

1.71 

24 

9 

.375 

2.66 

873. . . . 

24 

16.5 

.687 

1 .  45 

24 

10 

.416 

2.40 

874... 

.     28 

17 

.607 

l.(M 

28 

10 

.357 

2.80 

875 . . . 

oo 

15.5 

.704 

1.41 

22 

9 

.409 

2.44 

876... 

.... 

•   •   •  • 

•   •   •   • 

•  •   •   • 

•   •   •  • 

•  •  •  • 

•   •   •   • 

•  •  •  ■ 

877 . . . 

.     23.5 

15.5 

.659 

1 .  51 

23.5 

9 

.382 

2.61 

87^. . . . 

.     23 

12 

.521 

1.91 

23 

8 

.347 

2.8T 
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Bpirifer  mucronatua  mut.  profundus — Continued 


Adult  Stage 

A 


Neanlc  Stage 


Number        Width 


879.. 

880.. 

881.. 
882.. 
883.. 
884.. 
885.. 

889.. 
890.. 
891.. 
892.. 
893.. 
St)4.. 
895.. 
896.. 
897.. 
898.. 
899.. 
900.. 
901.. 
902.. 
903.. 

905.. 
906.. 
907.. 
908.. 
909.. 
910.. 
911.. 
912.. 
913.. 
914.. 
915.. 
916.. 
917.. 
<»18.. 
919.. 
920.. 
921.. 
922.. 
923.. 
924.. 
J»25.. 


20mnL 

24 

26 

21 

18.5 

21 

28 


Height      Index 
(reverse) 


14mm. 

IS 

20.5 

16.5 

14.5 

15 


.700 
.750 
.788 
.785 
.783 
.714 

.607 


Index 

•  •  •  • 

1.42 
1.33 
1.26 
1.27 
1.27 
1.40 

1.64 


Width 

•  •   •  • 

20nim. 

24 

26 

21 

18.5 

21 

28 


Height     Index 
(reverse) 


8mm. 

8.5 
10.5 
10 
10.5 

9 

11 


.400 
.354 
.403 
.476 
.567 
.428 

.392 


^ 

Index 


2.50 
2.82 
2.47 
2.10 
1.76 
2.33 

2.54 


22 

12 

.545 

1.83 

22 

8.5 

.386 

2.58 

24 

15.5 

.645 

1.62 

24 

9 

.375 

2.66 

•  •  •  * 

25 

•  •  •  • 

16.5 

•  •  •  • 

.660 

•  •  •  • 

1.51 

. . .  • 
25 

■ . .  • 
9 

•  •  •  • 

.360 

•  •  •  • 

2.77 

24 

16 

.666 

1.50 

24 

9 

.375 

2.66 

20 

13.5 

.675 

1.48 

20 

8.5 

.425 

2.35 

21 

14 

.666 

1.50 

21 

9 

.428 

2.33 

20 

11 

.650 

1.81 

20 

7 

.350 

2.85 

25.5 

16 

.627 

1.59 

25.5 

10 

.392 

2.56 

24.5 

12 

.489 

2.04 

24.5 

9 

.367 

2.72 

24 

16 

.666 

1.50 

24 

10.5 

.437 

2.24 

•  •  •  • 

21.5 

. .  •  • 
15 

•  •  •  • 

.697 

a  .  .  • 

1.43 

•  •  •  • 

21.5 

•  •  •  • 

7.5 

•  •  •  • 

.348 

• .  •  • 
2.86 

•  •  •  • 

18 

.... 
16 

•  •  •  • 

.858 

•  •  •  • 

1.12 

•  •  •  • 

18 

•  •  •  • 

9.5 

•  •  •  • 

.527 

•  •  •  • 

1.89 

16 

13.5 

.843 

1.18 

16 

7 

.437 

2.28 

16 

13.5 

.843 

1.18 

16 

8 

.500 

2.00 

28 

16 

.571 

1.75 

28 

10.5 

.375 

2.66 

. .  •  • 
17 

•  •  •  • 

11.5 

•  •  •  • 

.676 

•  •  •  • 

1.47 

■ .  •  • 
17 

•  • .  * 
8 

■  • .  • 
.470 

.  • .  • 
2.12 

22.5 

17 

.755 

1.32 

22.5 

10 

.444 

2.25 

20 

13.5 

.675 

1.48 

20 

8 

.400 

2.50 

17 

11 

.647 

1.55 

17 

8 

.470 

2.12 

18 

12.5 

.694 

1.44 

18 

8 

.466 

2.25 

19.5 

14 

.717 

1.39 

19.5 

7.5 

.384 

2.60 

•  •  •  • 

23 

•  •  •  • 

14 

•  •  •  • 

.608 

• .  ■  • 
1.64 

•  •  •  • 

23 

•  •  •  • 

8.5 

■  •  •  • 

.369 

. .  •  • 
2.70 

19 

13.5 

.710 

1.40 

19 

8.5 

.447 

2.02 

•  •  •  • 

20.5 

•  •  •  • 

17.5 

•  •  •  • 

.814 

•  ■  •  ■ 
1.17 

■  •  •  • 
20.5 

•  •  •  • 
8 

. .  • . 
.390 

•  •  •  • 

2.56 

19 

12 

.631 

1.56 

19 

7.5 

.384 

2.60 

•  •  •  • 

17.5 

•  •  •  • 

14 

•  •  •  • 

.800 

•  •  •  • 

1.25 

•  •  •  • 
17.5 

•  •  •  • 
8 

•  •  •  • 

.457 

•  •  ■ . 
2.18 

23 

12 

.521 

1.91 

23 

9 

.347 

2.55 

18 

13.5 

.750 

1.33 

18 

8 

.444 

2.25 

*^os 


AXXALS  M:\\    YORK  ACMflJMY  OF  iS'C/A'A'CAW 


»S'/>i/i7rr  murnnmluH  mut.  p/o/M*if/M;«— -Continued 


Adult   S(nKf> 


■  I 


Npiinic  Stap' 


J>2l>... 

width 
.     21mm. 

H«*ichr 
1.3mm. 

Indox 
.019 

— > 
Index 

1.01 

width 

21mm. 

H«>lf;ht 
8mm. 

Index 

( rovorse  > 

.380 

Indox 
2.62 

027... 

.     25 

1.3 

.520 

1.92 

25 

8 

.,320 

3.12 

928... 

.     19 

15 

.  f]7.3 

1.20 

19 

9 

.421 

2.11 

929.... 

.     27 

20 

.740 

1..35 

27 

10 

..370 

2.70 

9.30... 

.     17.5 

15 

.  .857 

1 .  10 

17.5 

9 

.514 

1.94 

a'n... 

.     17 

14 

.  823 

1 .  21 

17 

7 

.411 

2.42 

9.32.... 

.     19 

15 . 5 

.815 

1.22 

19 

8.5 

.447 

2.23 

9.^3.... 

.     2.3 

12.5 

.  54.3 

1..S4 

2.3 

S.5 

.309 

2.70 

9.34.... 

21 

15 

.714 

1.40 

21 

s 

.  .^52 

2.12 

9;y>.... 

.30 

20 

.(«k? 

1.50 

.30 

10.5 

.3.5<» 

2.S5 

JI.36 

24 

m.ri 

.479 

2 .  28 

24 

.s 

.  .^3.3 

3.00 

a37 

.3.-> 

14 . 5 

.414 

2.51 

:u5 

S 

.228 

4.37 

9.38.... 

18 

V\ 

722 

1 .  38 

IS 

7.5 

.410 

2.40 

9.39.... 

20 

14.5 

.  725 

1 .  .'{7 

20 

8.5 

.  425 

2.35 

940.... 

18 

11.5 

.  (13.S 

1 .  50 

IS 

7 

..3.SS 

2.57 

941 . . . . 

24 

14 

..is;; 

1.71 

24 

7 

.2tn 

3.42 

!M2 . . . 

.     24 

n.5 

.(;o4 

1.04 

24 

9 

.375 

2.66 

94.3.... 

2*J 

1.3 

..51K) 

1.0J> 

•>•» 

7 

..318 

3.14 

944 . . . . 

1*^ 

12 

.  (Mu; 

1..50 

is 

0.5 

.301 

2.76 

94."» 

l.-» 

12 

.800 

1.25 

15 

7.. 5 

..5<K> 

2.00 

946.... 

21 

14 

.(Mk; 

1.50 

21 

S 

..3S() 

947.... 

27 

19.5 

72*^ 

1 .  .37 

27 

11.5 

.  425 

2.34 

94S 

21.. -J 

14 

.  051 

1 .  .5.3 

21 . 5 

8 

..372 

2 .  08 

949.... 

19 

12 

.  r>.3i 

1 .  58 

19 

s 

.  421 

2.;s7 

950. . . . 

20 

12 

.«MH) 

1.66 

20 

7.5 

.  375 

2.66 

1C>1 . .  . . 

10 

10 

.  025 

1.60 

Ki 

7.5 

.468 

2.13 

952.... 

♦>•> 

17 

.772 

1 .  29 

22 

10 . 5 

.477 

2.09 

9.5.3 . . . . 

18 

12 

.00(i 

1..50 

IS 

s 

.444 

2.25 

954 . . . . 

19 

14 . 5 

.7(i.3 

1.31 

19 

9.5 

..5fK) 

2.00 

9.55 

38.5 

15 

.818 

1.23 

18.5 

S..T 

.459 

2.17 

a5«.... 

21 

15 

.711 

1.40 

21 

!» 

.  428 

2. .3;^ 

957 

22.5 

10.5 

.777 

1 .  .3*5 

22.5 

12 

.  .533 

1..S7 

958 

21 

10 

.  7r.i 

1.31 

21 

9 

.  428 

2.a3 

J>59.... 

19 

1.5.. 5 

.815 

1 .22 

19 

9 

.421 

2.11 

9fi0 

•   •   •   • 

•   •   ■   • 

•  •   ■   • 

•  •   •   • 

•  •   •  ■ 

•  •   •   ■ 

•   •   •   • 

•  •   •   • 

mn . . . . 

18 

15 

.8:^3 

1.20 

18 

10 

.  .555 

1..S0 

9«2.... 

25 

10 

.<M0 

1.50 

25 

12 

.480 

2.08 

1MJ.3.... 

•   •    •   • 

•   ■   •   ■ 

•   •   •   • 

•   •    •   ■ 

•   •   •   ■ 

•   •   •   • 

•   •   •   • 

■     •      B     • 

(rtVT  .    .    .    ■ 

22 

12 

.545 

1.8;^ 

22 

8.5 

..386 

2..5S 

1M5.5. .  . 

.     21 

\\ 

.666 

1..50 

21 

9 

.428 

2..^3 

WW. . .  . 

21.5 

1.3 

.m\ 

l.«« 

21.5 

9 

.418 

2.3S 

m',... 

18 

1.3 

.  722 

1 .  ;;.s 

IS 

9.5 

..527 

l..S!» 

9t;s. . . . 

18.5 

10.5 

.567 

1.70 

is. 5 

S 

.4.32 

2. 31 

IKW).... 

21 

14 

.666 

1.50 

21 

10.5 

..500 

2.00 

973.... 

19 

12 

.631 

1..5S 

19 

7.5 

..3!M 

2. .53 
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Spiriftr  mucnmatus  mut.  profundun — Continued 


Adull 

-      -        _A 

Stage 

Neanic 

A 

Stage 

Number 

Width 

Height 

Index 

Index 

Vidth 

Height 

Index 

Index 

<  reverse  > 

(reverse) 

974 . . . 

.    25mm. 

10mm. 

.640 

1.56 

25mm. 

10mm. 

.400 

2.50 

975.... 

•  •  •  • 

•  •  •  • 

•  •   •   • 

•   •   •   • 

•  •  •  • 

•  • .  ■ 

•   •    •   « 

•   •  ■  • 

970.... 
977 

21.5 

15 

.697 

1.43 

21.5 

10 

.465 

2.15 

«' t   1    •   •    •   1 

978 

»          •  •  •  • 

22 

•   •   •  • 

11.5 

•  •   •  • 

.522 

•  • « « 
1.91 

•  •  •  • 

22 

•  •  • . 
7.5 

•  •  •  • 
.380 

•  •   •  • 

2.93 

979.... 

18 

13 

.722 

1.38 

18 

8 

.444 

2.25 

980.... 

15 

9 

.600 

1.66 

15 

8 

.533 

1.87 

9S1 . . . . 

•   •   ■   • 

•  •  •  • 

•  •   •   • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

■   •   •  • 

•  •  •  • 

9^2.... 

18 

13 

.722 

1.38 

18 

7.5 

.416 

2.40 

9s;^... 

.     18.5 

12 

.643 

1.54 

18.5 

8 

.432 

2.31 

984.... 

.     20 

12.5 

.625 

1.60 

20 

9.5 

.475 

2.10 

985.... 

17.5 

12 

.685 

1.45 

17.5 

7.5 

.428 

2.33 

9SS 

29 

12 

.413 

2.41 

29 

7.5 

.258 

3.86 

989.... 

18 

11.5 

.638 

1.56 

18 

7.5 

.416 

2.40 

JKK).... 

21.5 

15.5 

.720 

1.38 

21.5 

10.5 

.488 

2.64 

in>i . . . . 

17 

11 

.W7 

1.54 

17 

7.5 

.441 

2.26 

in>5 

19 

14 

.736 

1.35 

19 

8.5 

.447 

2.23 

i»9C.... 

■   •   •   • 

•   •   •  • 

•  •   •  • 

•   •   •  • 

•   •   •   • 

•   •   •   • 

•  •   •   • 

•   •  •  • 

J»97.... 

25 

16 

.640 

1.56 

25 

10.5 

.420 

2.38 

J>98.... 

19 

13 

.684 

1.46 

19 

9 

.421 

2.11 

999.... 

22 

16 

.727 

1.37 

22 

11 

.500 

2.00 

1000 

•   •   •   • 

•   •   •  • 

•  •   •  • 

•  •  •   • 

•   •   •   • 

•   •   •   • 

•   •   •   • 

•  •  •  • 

1001.... 

21.5 

16 

.744 

1.34 

21.5 

9 

.418 

2.38 

KHrj.... 

23.5 

18 

.765 

1.30 

28.5 

11.5 

.489 

2.04 

1(K)3 

29 

14 

.482 

2.71 

29 

9 

.310 

3.22 

1(K)4 

20 

12.5 

.625 

1.60 

20 

9 

.450 

2.22 

1005... 

.     22.5 

14 

.622 

1.60 

22.5 

10 

.444 

2.25 

1006.... 

:i5 

18 

.514 

1.94 

35 

12 

.342 

2.91 

1(M»7 

28 

18.5 

.660 

1.51 

28 

11.5 

.410 

2.43 

KHKS 

23 

18 

.782 

1.28 

23 

10 

.434 

2.30 

KKU) 

20 

19 

.950 

1.06 

20 

12 

.600 

1.66 

1010... 

22 

13.5 

.613 

1.62 

22 

10 

.454 

2.20 

1011.... 

25 . 5 

18 

.713 

1.41 

25.5 

11 

.431 

2.31 

1012 . . . . 

20 

14 

.700 

1.42 

20 

9.5 

.475 

2.10 

1013.... 

25.5 

16 

.627 

1.59 

25.5 

9 

.352 

2.83 

1014.... 

.     19 

12 

.031 

1.38 

19 

7 

.368 

2.71 

1015.... 

.     19 

17 

.8J>4 

1.11 

19 

11 

.578 

1.72 

1010.... 

.     20 

14.5 

.725 

1.37 

20 

9 

.450 

2.20 

1017.... 

.     27 

20 

.740 

1.35 

27 

13 

.481 

2.07 

1018.... 

•   •   •   • 

•   •   •  • 

•  •   •  • 

•  •  •  • 

•   •   •  • 

•  •  •  • 

•  •   •  • 

•  •  •  • 

1019.... 

22 

1!» 

.  MK 

1.15 

22 

10 

.454 

2.20 

1020.... 

•   •   •   • 

•    •    •   • 

•   •    •   • 

•  •  •  • 

•  •   •  • 

•  •  •  • 

•   •   •   ■ 

•  •  •  • 

1021.... 

22 

IS 

SIS 

1.22 

22 

10.5 

.477 

2.09 

U»22.... 

.     20 

12 

.<t(Kl 

l.fNS 

20 

9 

.450 

2.22 
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Spirifer  m%Lcronatu8  mut.  profundus — Continued 


Width 

Adult 

.  ..  ..^ 

Height 

Stage 
Index 

ln(l«>x 

width 

Neanic 

Stage 
Index 

Niitnl>er 

Height 

Index 

( revors<> » 

(reverse) 

1023... 

.    22mm. 

18mm. 

.818 

1  22 

22mm. 

12mm. 

.545 

1.83 

1024.... 

26 

18 

.(»)2 

1.44 

26 

11 

.426 

2. .36 

1025.... 

22 

21 

.  954 

1.04 

22 

10 

.454 

2.20 

1026. . . . 

24 

15 

.625 

1.60 

24 

9 

.375 

2.66 

1027..., 

28.6 

16 

.561 

1.78 

28.5 

9.5 

.333 

3.00 

1028.... 

22 

16.5 

.7.50 

1.33 

22 

10 

.454 

2.20 

1029.... 

25 

18 

.720 

1.38 

25 

11 

.440 

2.27 

1030.... 

18 

15 

.S.J3 

1.20 

18 

10.5 

.583 

1.71 

1035.... 

22 

16 

.727 

1.37 

22 

10 

.454 

2.20 

1036.... 

23 

13 

.565 

1.76 

23 

8 

.347 

2.87 

1037.... 

18 

12 

.666 

1.50 

IS 

7 

.389 

2.59 

1038.... 

28 

16.5 

.589 

1.69 

2S 

10.5 

.375 

2.66 

1039.... 

18 

10 

.555 

1.80 

is 

7.5 

.416 

2.40 

1040.... 

20 

15 

.  750 

1.33 

20 

8.5 

.425 

1.35 

1041.... 

10.5 

12.5 

.r»4i 

1.56 

19.5 

9.5 

.487 

2.05 

1042.... 

24.5 

19 

.  775 

1.2S 

24.5 

12 

.489 

2.04 

1043.... 

20 

13 . 5 

.675 

1.48 

20 

10 

.500 

2.00 

1044 . . . 

.     21 

16 

.761 

1.31 

21 

10.5 

.500 

2.00 

1045.... 

28 

16 

.571 

1.75 

28 

11 

.392 

2.54 

104H.... 

25 

15 

.600 

1.66 

25 

12 

.480 

2.09 

1047.... 

2S 

14 

.500 

2.00 

28 

9 

.321 

3.11 

104.S.... 

2.S 

16 . 5 

.717 

1.39 

2:^ 

10.5 

.456 

2.19 

1049.... 

21 

i:^> 

.(;19 

1.61 

21 

9 

.428 

2.66 

1050 

18 

14.5 

.S05 

1.24 

18 

9 

.500 

2.00 

1051.... 

19 

1.*^ 

.684 

1.46 

19 

8 

.421 

2.37 

1052.... 

18 

12 

.666 

1.50 

IS 

8.5 

.461 

2.11 

1053.... 

18 

13 

.611 

1.38 

IS 

10 

.555 

1.80 

1(K>4.... 

20.5 

12.5 

.609 

1.62 

20.5 

9 

.439 

2.27 

1055.... 

•  •  •  • 

•   •    •   • 

• . .  • 

•  •   •   • 

•   •   •   • 

•  •  •  • 

•   •   •  • 

•  •   •   • 

1056.... 

22 

18 

.555 

1.80 

22 

10.5 

.477 

2.07 

1057.... 

23 

16.5 

.717 

1.39 

23 

12 

.521 

1.91 

105S... 

»          •  ■  •  • 

•   •   •   • 

•  •  •  • 

•  • . . 

•   ■   •   • 

•  •  •  • 

•  •   •   • 

•  •  ■  • 

1059 . . . 

35 

14 

.400 

2.50 

,35 

11 

.314 

3.18 

1060... 

.     27 

16 

.592 

1.68 

27 

10.5 

.388 

2.57 

1061 . . . 

.     25 

16 

.640 

1.56 

2.-. 

10.5 

.420 

2.38 

1062... 

.     20.5 

14 

.682 

1.46 

20.5 

9 

.  4.39 

2.27 

10(>{ . . . 

.     31 

IS 

.580 

1.72 

31 

10.5 

.338 

2.95 

10<i4... 

.     24 

16 

.666 

1.50 

24 

11 

.458 

2.17 

iwr.... 

.     24 

15.5 

.645 

1.54 

24 

7 

.291 

3.42 

10<*^>... 

.     29 

15.5 

..134 

1.87 

29 

9 

.310 

3.22 

imi . . . 

.     26 

13 . 5 

.  519 

1.92 

26 

9 

.346 

2. as 

IWW... 

.     25 

21 

.840 

1.19 

25 

11 

.440 

2.27 

KHKL.. 

.     23 

12.. -> 

.543 

1.84 

23 

s 

.347 

2.87 

1070... 

.     28 

14.5 

.517 

1.9.*^. 

2S 

11 

.392 

2.54 

1071... 

.     26.5 

IS 

.679 

1.47 

26.5 

11 

.415 

2.40 

MOOK,   VARIATIOX   IN  SFIRIFER   MVORONATVS 


1074.. 
1(173.. 
1078. . 
1077.. 
1078.. 
1070.. 
JIISO.. 

insi.: 


Spirifer  muvriiHiilu 
Aduli  Stage 
"Widtb 
29inin.     13.SiniiL.465 


:.  prn/iindua — Continued 

Neanlc  Stsca 


Wldtb 

Height 

indei 

Index 

29min. 

.241 

4.14 

20 

S 

.450 

2.22 

22.6 

S.B 

.an 

2.00 

26 

8 

.346 

2.88 

llUl.. 
1103.. 
1103.. 
1104 . . 

IITO.. 
IHMI.. 
1107.. 
IIOS. . 
1109.. 
1110.. 

ini.. 


2.00 
2.54 
2.10 
2.20 
2.66 


1118.. 
1119. . 
U20.. 
1121.. 

1122.. 
1123.. 
1124. . 
1125.. 

1126.. 
1127.. 

1130.. 
1131. . 
1132.. 


2.04 
2.12 
2.22 
2.88 
2.25 
2.66 
2.10 
2.31 


2.66 
1.78 
2.24 


V    1    ^ 


A.WALIS  NEW  YORK  ACADEMY  OF  SCIEXCEis 


Spirifcr  muiTonatus  mut.  profundus — Continued 


Adult  Stage 


Number 
1136... 

Width 
18.5mn] 

Height      Index 
(reverse) 

i.  14.5mm.  .789 

Index 
1.27 

1137... 

.     18.5 

15 

.810 

1.2;^ 

1138... 

•           •   •   •   • 

•   •   •   • 

•   •   •   • 

•   •   •   • 

1139... 

15 

.081 

1.46 

1140... 

.     18 

11.5 

.638 

1.56 

1141... 

22 

10 

.727 

1.37 

1142.... 

21.5 

15 

.697 

1.43 

1143... 

.     20 

13 

.650 

1.53 

1144.... 

.     20 

ir,.5 

.825 

1.21 

1145... 

.     24 

20 

.833 

1.20 

114(J.... 

.     21 

14 

.666 

i..no 

Neanic 

Width       Height 

( 

18.5mm.  8mm. 

Stage 

Index 
reverse) 

.432 

Index 
2.56 

18.5 

9.5 

.513 

1.94 

•  •  •  • 

22 

•   •   •  • 

10 

•  •   •   • 

.454 

•  •    •   • 

2.20 

IS 

9 

.5(K) 

2.(X) 

22 

12 

.  545 

1.8:^ 

21.5 

9 

.418 

2.38 

20 

10 

.500 

2.00 

20 

11.5 

.  575 

1.73 

24 

11.5 

.479 

2.86 

21 

!) 

.428 

2.66 

spirifrr  muvrouatua  unit.  multiplkattiH 


1201... 

.     41 

20.5 

.  500 

2.00 

41 

14 

.341 

2.92 

1L'02... 

.'is 

21 

.5.^2 

I.SO 

38 

12.5 

.  .328 

3.04 

1203.... 

:vi .  5 

19.5 

.600 

1.6(; 

32.5 

12.5 

.384 

2.60 

I*i04 

a      •      •     • 

•    •    •    • 

•   •   •   • 

•    •    •    • 

•   •   •   • 

•   •   •   • 

•  •  •  • 

•  •   •   • 

12(K-i... 

2S 

17 

.  607 

1.64 

2s 

13 

.464 

2.15 

120^;... 

•  »•> 
t>t» 

22  5 

.()S1 

1.46 

•!•• 
•»•-> 

18.5 

.  5(M) 

1.78 

1207... 

.     41  • 

22 

.536 

i.s(; 

41 

17 

.414 

2.41 

1208... 

.'{0 

16 

.  533 

1.S7 

30 

11 

.  :\m 

2.72 

120JI 

•  >7    -I 

IS 

.(•»54 

1 .  52 

27 . 5 

14 

.509 

1.96 

1210... 

.... 

•    •    •    • 

•    •    •    • 

•    •    •   • 

•    •    •   • 

•   •    •    • 

•   •   •   • 

.... 

1211 . . . 

."»<) 

21.5 

.460 

2.32 

50 

16 

.320 

3.12 

1212... 

35 

20 

.  571 

1  .  7.'i 

:55 

13 

..371 

2.69 

1213.... 

41.5 

25 

.602 

1.66 

41.5 

18 

.433 

2.30 

1214 . . . 

39 

26 

.6r>6 

1 .  .50 

39 

16 

.410 

2.43 

121.-i... 

:;2 

15 

.4()8 

2.13 

.32 

10 

.312 

3.20 

1216.... 

36 

24.5 

.680 

1.46 

36 

17 

.472 

2.11 

1217 . . . 

.     46 

22.5 

.489 

2.04 

46 

18 

.  .391 

2.55 

1218.... 

39 

19 

.487 

2.05 

32 

15.5 

.484 

2.06 

1219.... 

42 

21.5 

.  .511 

1.95 

42 

16 

..380 

2.62 

1220... 

.     44 

21 . 5 

.488 

2.04 

44 

15 

..340 

2.93 

IL'21.... 

.     42 

20 

.476 

2.10 

42 

12 

.  285 

3.50 

1222... 

38.5 

20 

.519 

1.92 

.38.5 

15 

.,380 

2.56 

1223... 

.     38 

22 

.  578 

1.72 

38 

14 

.  3(JS 

2.71 

1224... 

.     32 

17 

.  531 

1.S8 

::2 

12 

•»»»•• 
..]|.) 

2.<;6 

1225... 

1          •   •   •   • 

•   •   •   • 

•   •   •   • 

•   ■   •   • 

•  •  •  • 

•   •   •   • 

•    •    •   • 

•   •   •   • 

1226... 

.     30 

18 

.600 

1.66 

3<» 

13 

.  VXi 

2.30 

1227.... 

31 

15.5 

.500 

2.00 

31 

12.5 

.403 

2.48 

122S... 

•   •   •   • 

•   •   •   • 

•   •   •   • 

•   •   •   • 

•   •   •   • 

•   •   •   • 

•   •   •   • 

•  ■  •  • 

1229... 

.    2t; 

15 

.576 

1 .  sr. 

2(; 

10.5 

.4(K3 

2.47 

12.30... 

.     4.3 

27 

.  627 

1 .  .59 

16 

.  .372 

2.6S 

Ijrn... 

21 

.6.36 

1 .  .57 

1.I..I 

.4(R) 

2.12 

12;{2... 

.     32 

20.5 

.r»40 

1..56 

•••» 
t  L 

15.5 

.484 

2.06 

1233... 

.     33 

20.5 

.<r2i 

1 .  «iO 

13 

.393 

2.5.3 
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Spirifer  mucronatus  mut  attenuatus 


Number 
l.'^Ol .  . 

i:m2.. 
i.'iori.. 

i:{os.. 

1309.. 
1310.. 
1311 . . 
1312.. 
1313.. 
1.314.. 
131').. 
1310.. 
1317.. 
1.318.. 
1310.. 
1320.. 
1321 . . 
1322 . . 
1323 . . 
1324 . . 
1325 . . 
1326.. 
1327 . . 
1328.. 
1320 . . 
1330 . . 
1331.. 

i:n2.. 
1:^:^.3 . . 

1334 . . 
133r>.. 
1:>m36.. 

1338.. 
1339 . . 

1343 . . 
1344 . . 
1.345 . . 
1346.. 
1347 . . 
1348.. 
1349.. 


Adult 

Stage 
Index 

Index 

Width 

Neanlc 
Height 

Stage 
Index 

> 

Width 

Height 

Index 

(reverse) 

( 

reverse) 

•    *    •    • 

20niiii. 

•   •    •   • 

loium. 

•    •    •    • 

.  576 

•   •    •    • 

1.73 

•    •    •    • 

26mm. 

•   •••                     •••• 

8. 5mm..  326 

•    •   •   • 

3.05 

25 

15 . 5 

.620 

1.61 

25 

10 

.400 

2.54) 

42.5 

15.5 

.364 

2.74 

42.5 

10.5 

.247 

4.04 

31 

13 

.419 

2.38 

31 

9 

.290 

3.44 

24 

17.5 

.725 

1.37 

24 

10 

.416 

2.40 

30 

15 

.500 

2.00 

30 

10 

.333 

3.00 

28 

15 

.535 

1.86 

28 

10.5 

.375 

2.66 

•   •   •   • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •   •   • 

•  •  •  • 

28 

14 

.500 

2.00 

28 

10 

.357 

2.80 

24 

14 

.583 

1.71 

24 

9 

.375 

2.66 

28 

14.5 

.517 

1.93 

28 

10.5 

.375 

2.m 

10 

12 

.631 

1.58 

19 

8 

.421 

2.37 

•   •    •    • 

•  •   •  • 

•   •   •  • 

•  •  •  • 

•  •   •   • 

•  •  •  • 

•   •  •  • 

•   •   •   • 

47 

14 

.295 

3.35 

47 

10 

.212 

4.70 

.30 

13 

.433 

2.30 

30 

10 

.333 

3.00 

26.5 

12.5 

.471 

2.12 

26.5 

9 

.339 

2.94 

30 

15 

.500 

2.00 

30 

9.5 

.316 

3.15 

30 

8 

.266 

3.75 

30 

6.5 

.216 

4.61 

23 . 5 

11 

.468 

2 .  13 

23.5 

8 

.340 

2.03 

10 

14 

.  736 

1 .  35 

19 

8.5 

.447 

2.23 

20.5 

13.5 

.<r»s 

1.51 

20.5 

8.5 

.414 

2.41 

20 

15 

.  517 

1.93 

29 

11 

.379 

2.63 

.35 . 5 

15 

.422 

2.36 

35.5 

9.5 

.267 

3.73 

•    •    •    • 

«   •    •   • 

•   •   •   • 

•  •   •   • 

•   •   •   • 

•   •  •  • 

•   •   •   • 

•   •   •  • 

26 

12 

.461 

2.16 

26 

8.5 

.326 

3.05 

32 

12.5 

..31K) 

2.56 

32 

9.5 

.296 

3.36 

25.5 

12 

.470 

2.12 

25.5 

7.5 

.294 

3.40 

20 

14.5 

..500 

2.00 

29 

10 

.344 

2.90 

26 

12 

.461 

2.16 

26 

0 

.230 

4.33 

23 

0.5 

.413 

2.42 

23 

7 

.304 

3.28 

28 

14 

.500 

2.00 

28 

8 

.283 

8.50 

26 


11 


.407 


2.36 


26 


.260 


3.71 


25 

12 

.480 

2.08 

25 

8.5 

.340 

2.04 

37 

14.5 

.391 

2.55 

37 

11 

.297 

8.36 

34 

16 

.470 

2.12 

34 

12 

..35S 

2.83 

23 

13 

.565 

1.76 

23 

7 

.304 

3.28 

20.5 

12.5 

.600 

1.64 

20.5 

8 

.390 

2.56 

30 

11.5 

.383 

2.m 

30 

8.5 

.283 

3.52 

24 

13.5 

.562 

1.77 

24 

10 

.416 

2.40 

29 

11.5 

.396 

2.52 

29 

7.5 

.258 

3.86 

•<?14 


AWALSi  XIJW    YORK    [CAniJMY  OF  SCJf:\'CEfi 


Spirifcr  mucTonatua  nnit.  tittrnuntmt — Continued 


width 
.    :i3inm. 

Adult  Stat:e 

IIolKht      Iiidj'x 
(rovorao) 

10mm.      .,303 

Iridox 
3 .  30 

Neaulc  Stage 

Height      Iiidnx 
(reverbo) 

7. 5mm..  227 

NllIlllKT 

i;r»o... 

width 
.33mm. 

.. . .  _  ..^ 
Indox 

4  40 

i:r)4 . . . 

.    :{0 

15.5 

.430 

2 .  32 

36 

lo 

.272 

.3 .  rU) 

i;;r)5... 

.     24 

14 

.  58,3 

1.71 

24 

U 

.  375 

2.tW 

I3r»6 . . . 

.     35 

17 

.4S5 

2.05 

35 

11 

.314 

3.18 

1357... 

.     33 

15 

.  454 

2.20 

•>•> 
.»«» 

9.5 

.257 

3.47 

1358... 

.     31 

17 

.548 

1.82 

31 

12.5 

.403 

2.48 

i.r»j»... 

.     44 

10 

.:u« 

2.75 

14 

10.5 

.  238 

4 .  19 

13(M)... 

.     30 

14 

.,-^88 

2 .  57 

30 

11 

.3f>5 

3.27 

13C1 . . . 

.    3t; 

13 

.301 

2.70 

.30 

9 

.  2.50 

4.00 

13«2... 

.     31 

13.5 

.  435 

2.2S> 

31 

9 

.290 

3.44 

130:: . . . 

.     32 

n 

.343 

2. IK) 

32 

7.5 

.  234 

4.20 

1304... 

.     31 

17.5 

..'»t;i 

1.77 

31 

11 

.351 

2 .  M 

i;Hr»... 

•           •   •    •   • 

•   •   •   • 

•    ■    ■    • 

•   •   •   • 

■    •    *    • 

•   •   •   • 

•    •   •    • 

•   •    ■   ■ 

130<J... 

.     25 

12 

.480 

2.08 

25 

S.5 

.  340 

2.^M 

1307 . . . 

.     32 

i:; 

.4tK) 

2.40 

32 

10 

.  312 

3.20 

i3(;>>... 

.     30 

13.5 

.450 

2. 22 

y/) 

9 . 5 

.316 

.3.15 

1301>... 

.     32 

14 

.437 

2 .  28 

U 

.281 

3 .  55 

1370... 

•           ■   •   •   • 

•   •   •   • 

•   •   •   • 

■    •    ■    • 

.... 

■   •    •    ■ 

•   ■   •   • 

•    •    •    • 

1371 . . . 

.     35 

13.5 

.  385 

2.59 

;r» 

lo 

.285 

.3 .  .%0 

1372 . . . 

.     34 

14 

.411 

2.48 

34 

9 

.204 

3.77 

137.!... 

.     42 

15 

.  .'C»7 

2.80 

42 

9.5 

.220 

4 .  42 

1374... 

.     34 

17 

.5<K> 

2.0<) 

34 

11.5 

.338 

2.95 

1375... 

.     28 

12.5 

.440 

2.24 

28 

8.5 

.303 

3.29 

1370... 

.    ;:i.5 

10 

.507 

1.90 

31.5 

11.5 

.305 

2 .  73 

1377 . . . 

.     35 

15 

.441 

2.20 

34 

10 

.291 

.3 .  40 

1378... 

•        •  •  •  • 

•  •   •  • 

•   •   •  • 

•   ■   ■   • 

•   •  •  • 

•  ■  •  • 

•   •   •   • 

•   •   ■   • 

1370... 

.     29 

13 

.448 

2.23 

•29 

9.5 

.327 

3.05 

13.S0... 

.     20 

12 

.401 

2.10 

20 

7 

.  209 

3.71 

138.3... 

.     25 

13 

.  520 

1.92 

25 

8.5 

.340 

2.i>4 

1384... 

.     34 

14 

.411 

2.42 

34 

9.5 

.279 

3.57 

1385... 

.     23 

13 

.505 

1.70 

23 

7.5 

.320 

3.0(; 

1380... 

.     35 

15 

.428 

2.33 

35 

9 

.257 

3.88 

13S7... 

.     24 

11.5 

.479 

2. OS 

24 

s 

.  •>*>•■> 

3.00 

i:«*o... 

.     20 

12 

.401 

2 .  10 

20 

8.5 

.326 

3 .  05 

13Ja . . . 

.     39.5 

15.5 

.392 

2.54 

39.5 

9 

.227 

4.38 

i;^2... 

.     29 

12 

.413 

2.41 

2t> 

8 

.275 

3.02 

1393... 

.     27 

12 

.444 

2.25 

27 

7.5 

.277 

3.00 

1304... 

.     25 

0 

.  300 

2.77 

25 

0.5 

.260 

3.84 

1305... 

.     28 

11 

.392 

2.54 

28 

7.5 

.267 

3 . 7.3 

l.'ttKJ... 

.     29 

13.5 

.405 

2.14 

2}» 

8.5 

.293 

3.11 
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Introduction 


We  observe  that  the  Upper  Tertiary  closes  with  a  Pliocene  northern 
world  rich  with  life,  a  world  replete  with  Asiatic  and  African  influence. 
The  Tertiary  Period  is  followed  by  the  Quaternary,  or  Age  of  Man,  a 
time  of  transition  and  of  vast  extinctions  in  Europe  and  North  America 
through  natural  causes,  as  well  as  of  the  geographic  redistribution  of  life 
and  establishment  of  the  modem  zoogeographic  regions.  Toward  the 
dose  of  the  Quaternary  Period  man  becomes  the  "destroying  angeV'  and 
very  neariy  completes  the  havoc  which  Nature  has  begun. 
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Gjcnozoic 

Quaternary  Age  of  Man 

Tertiary  Age  of  Mammals 

We  thus  enter  a  new  Caenozoic  faunal  phase,  the  Seventh.  When  its 
transitions  are  complete  the  world  wears  an  entirely  new  and  somewhat 
impoverished  aspect:  the  North  has  banished  all  the  chief  southerly 
forms  and  established  the  five  modem  zoological  regions  of  the  Old  and 
Xew  Worlds,  namely:  Pala?arctic,  Nearctic,  Oriental,  Ethiopian,  Neo- 
tropical. 

Seventh  Faunal  Phase — Quaternary 

in  the  northern  hemisphere  the  glacial  epoch.  very  gradual 
extinction  or  expulsion  of  southern  types  of  african,  south 
asiatic  and  south  american  origin  from  the  northern,  or 
holarctic  realm.  first  appearance  in  central  europe  and 
north  america  of  the  circumpolar  tundra  fauna,  in  europe 
of  the  steppe  fauna.  in  north  america  extinction  of  the 
remaining  large  endemic  quadrupeds.  third  and  final  mod- 
ernization of  europe  and  north  america  by  the  hardy  forest, 
meadow  and  mountain  ruminants  and  the  carnivores. 

The  grand  geologic  divisions  of  the  Quaternary  in  the  New  and  Old 
Worlds  are  the  same,  namely,  beginning  with  the  Pleistocene  and  closing 
with  the  Holocene. 

II.  Holocene,   or   Recent   Epoch.     Mammals   of   prehistoric   and   recent 

times.     Domestication. 
I.  Pleistocene,  or  Glacial  EJpoch. 

3.  Postglacial.  Mammals  of  tundra  and  steppe  type  gradually 
disappearing  or  retreating.  Mammals  of  existing  north  tem- 
perate type  multiplying. 
2.  Glacial.  Period  of  successive  glacial  advances  and  intergladal 
retreats.  Mammals  of  extinct  and  existing  species  com- 
mingled. 
1.  Pbeolacial.  Period  of  the  lowering  of  temperature  in  the 
no;rthem  hemisphere  and  modification  of  plant  and  animal 
life. 

MEANS  OF  ESTABLISHING  THE  TIME  DIVISIONS  OF  THE  QUATERNARY 

The  fluctuations  of  climate  and  of  the  plant  and  animal  life  of  the 
Pleistocene  are  so  numerous,  so  widespread,  and  so  profound  that  it 
seems  best  to  introduce  the  subject  by  a  review  of  the  great  time  divisions 
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together  with  some  discussion  as  to  the  period  wheu  we  should  consider 
that  the  Quateniary  proper  begins.  The  fulliu>8s  and  precision  of  Eu- 
ropean faunistie  investigation  is  in  very  strong  contrast  to  the  prelim- 
inary results  of  American  work,  and  in  no  other  period  may  we  anticipate 
more  wei<rhtv  inductions  from  correlation  l)etween  the  historv  of  the  Old 
and  New  Worlds.  It  is  absolutely  clear  that  a  final  and  positive  time 
scale  and  subdivision  of  the  early  Age  of  Man  are  not  far  distant  and 
that  the  vast  labors  of  European  and  American  geologists,  botanists, 
zoologists,  palaeontologists  and  anthropologists  will  finally  be  rewarded 
with  a  harmonious  theory  of  all  the  phenomena  of  the  Quaternary 
Period,  the  determination  of  the  chronology  of  the  various  races  and  an 
approximate  estimate  of  the  duration  of  the  entire  Quaternary  Period 
itself.  The  reader  will  observe  that  this  correlation,  derived  from  at 
least  fwi"  distinct  branches  of  natural  science,  is  based  on  evidence  of  four 
kinds. 

1.  Geoloj^icnl :  glacial  dei)oslts  and  erosions,  which  furnish  the  chief  data  for 

estimates  of  time. 

2.  Botanical :  plant  deposits,  alternations  of  northern,  arctic,  steppe,  temperate 

and  southern  floras,  which  furnish  the  chief  data  for  estimates  of  tem- 
perature. 

:^.  PalftH>zoological :  evolution  and  extinction  of  mammal  and  bird  life,  which 
furnish  the  chief  divisions  of  the  Quaternary  time  scale  and  afford  sup- 
plementary knowle<lge  of  conditions  of  moisture,  temperature  and  foresta- 
tion. 

4.  Anthropological :  the  successive  stages  of  human  culture  and  implements, 
the  skeletal  remains  of  man.  which  combined  furnish  the  minor  sub- 
divisions and  correlations  of  Quaternary  time. 

Pliocene  and  Pleistocene  Life  of  Asia  and  North  Africa 

life  op  asia 

The  region  of  the  rich  Tertiary  flood  plains  of  India^  was  one  of  the 
main  sources  of  the  large  mammals  which  wandered  into  northern  Africa 
and  southern  Europe  in  Pleistocene  times;  in  other  words,  the  large 
mammals — the  elephants,  the  rhinoceroses,  the  hippopotami — were  all  in- 
vading forms  from  Asia  and  Africa.  The  relations  between  these  three 
geographic  regions  are,  in  fact,  so  close  that  they  might  be  embraced  in 
a  single  zoogeographic  realm  were  it  not  that  throughout  the  Pleistocene 
the  forests  and  meadows  of  southern  Europe  also  maintaint»<l  a  northern 
Eurasiatic  fauna  which  is  entirely  absent  from  southern  Asia. 


=  See  p.  323,  English  edition  of  '*T1j«»  Asre  of  Mammals." 
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The  precise  researches  of  Pilgrim,*  published  subsequent  to  the  corre- 
lation proposed  by  the  author  in  1910  in  the  Pliocene  chapter  of  the 
'^Age  of  Mammals/'*  have  resulted  in  a  new  classification  and  correlation 
of  the  Tertiary  flood-plain  deposits  of  India  which  are  of  the  utmost  im- 
portance and  interest  to  students  both  of  phylogeny  and  of  geographic 
distribution  aod  migration. 

In  geologic  time  the  Indian  series  extends  from  the  Bugti  beds,  which 
are  of  Aquitanian  or  Upper  Oligocene  age,  to  the  uppermost  Pliocene  of 
the  Upper  Siwaliks.  The  correlation  with  the  successive  intermediate 
phases  of  European  life  appears  to  be  quite  close. 

As  regards  the  origin  of  the  Proboscidea,  the  author  discovers  in  the 
Upper  Oligocene  of  India  animals  which  he  believes  resemble  the  Lower 
Oligocene  Palceomastodon  as  well  as  the  Mceritherium  of  the  Fay^m  de- 
posits of  northern  Egypt.  These  animals  are  referred  to  respectively  as 
Hemimastodon  and  Mceritherium.  This  discoverv  would  favor  the  hv- 
pothesis  that  the  Proboscidea  may  have  originated  in  southern  Asia 
rather  than  in  Africa.  Pilgrim  believes  that. the  Mastodon  cautleyi  of 
the  Upper  Miocene  of  Perim  Island  gave  rise  to  the  Stegodon  types  of 
the  uppermost  Miocene  of  Pikermi  age,  namely,  to  S.  clifti  and  S,  horn- 
iifrons,  from  which  originated  the  genus  Elepkas  which  first  appears  in 
the  dominant  type  Elephas  planifrons  of  Middle  to  Upper  Pliocene  times 
in  strata  3,000  feet  alx)ve  those  in  which  the  earliest  form?  of  Stegodon 
occur. 

The  species  E,  planifrons  is  especially  important  because  it  has  re- 
cently been  recognized  by  Schlesinger*  in  the  Pliocene  "Belvederschot- 
ter^*  north  of  Dobermannsdorf  near  Vienna.  The  horizon  is  regarded  as 
of  Middle  Pliocene  or  even  earlier  age.  Pavlow®  has  also  recorded  the 
occurrence  of  E,  planifrons  from  beds  in  Bessarabia  which  are  regarded 
as  of  Lower  Pliocene  age.  In  the  Upper  Pliocene  of  Europe  occurs 
Elephas  meridionalis  which  is  regarded  as  a  descendant  of  E.  planifrons, 
while  in  the  Upper  Pliocene  of  India  occurs  the  Elephas  hysudricus, 
which  Pohlig  considers  as  a  geographic  variety  of  the  European  E,  merid- 
ionalis. In  the  uppermost  Pliocene  of  India  also  occurs  the  Dicerorliinu.^ 
plaiyrhinus,  which  is  believed  to  be  closely  related  to  the  T).  etruscu.^  of 
the  Upper  Pliocene  of  the  Val  d^Arno  of  Italy. 

Some  authors  mistakenly  regard  the  ^'Altelephanf'  {E.  aniiquus)  of 

*  Pilgrim,  Out  B.  :  **The  Correlation  of  the  Slwaltks  with  Mammal  Horizons  of  Eu- 
rope."    Records,  Geol.  Surv.  India,  Vol.  xllll,  Part  4.  pp.  264-326.  PI.  26.     1918. 

«  See  Life  of  Southern  Asia,  pp.  323-332.  "Age  of  Mammals." 

"  ScHLBSiNGXB,  PAUL :  "Studlen  tlber  die  Stammesgeschlchte  der  Proboscldler,"  Jabrb. 
d.  k.  Geol.  Relchs.,  Vol.  62,  pp.  87-182.     Vienna,  1912. 

*  Paylow,  ILutiB :  "Lea  616phantB  posttertialres  de  diverses  locality  en  Russle,"  Ann. 
gtel.  et  mineraloff.  de  la  Roaale,  voL  zl,  pp.  171-174.    Moscou,  1910. 
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the  European  Pleistocene  as  related  to  E.  hysudricus  of  India,  but  Pil- 
grim and  Pohlig  rightly  compare  E.  antiqutLS  with  the  Narbada  elephant 
(E.  namadicus),  which  first  occurs  in  the  Pleistocene  of  Asia.  In  fact, 
it  is  not  known  whether  tlie  phylum  of  E,  antiquus,  which  is  quite  dis- 
tinct from  that  of  E,  planifrons-E ,  Mendionalis,  originated  in  Asia  or 
in  Africa. 

To  sum  up,  among  the  contributions  of  southern  Asia  to  the  Pliocene 
and  Pleistocene  fauna  of  Europe  are  the  following : 

Elephas  planifrona,  entering  Europe  in  the  Pliocene,  related  to  the  Elephas 

tneridionalis,  the  southern  elephant. 
Elephaa  hysudricus. 

Hippopotamus.  H,  java4icus,  related  to  H.  major. 
Bison  sivalensis,  the  short-skulled  bison,  related  to  Bison  priscus. 
The  louK-skuUeil  Leptohos.  related  to  the  L.  etrusrun  of  the  Val  d'Anio  and 

Bos  primigetUus  of  the  First  Interglacial  Stage. 
The  Sumatran  type  of   rhinoceros,   Dicerorhinus  platyrhinus,  related  to  D, 

etruscus  and  D.  merckii. 
The  hycenas,  related  to  H.  crocuta,  the  spotted  hyiena,  and  H.  striata,  the 

striped  hyseua. 
The  horse,  Equus  sivalenHia,  related  to  the  Arab,  or  desert  type  of  Europe. 

Among  the  mammals  which  did  not  find  their  way  from  Asia  into 
western  Europe  are  the  camels  and  the  various  girafToids.  The  absence 
of  the  antelopine  members  of  the  BovidsB  is  also  a  very  characteristic 
feature  of  the  Pleistocene  of  Europe  as  contrasted  with  their  abundance 
in  Asia  and  their  presence  in  diminished  form  and  numbers  in  the  Upper 
Pliocene   of  Europe. 

LIFE  OF  NORTH  AFRICA 

It  would  appear  that  in  Lower  Pleistocene  times  when  there  were 
broad  land  connections  between  Europe  and  Africa  the  latter  continent 
contributed  to  Europe  some  of  its  indigenous  mammals  and  others  which 
had  been  derived  originally  from  Asia.  It  is  natural  to  suppose  that  the 
hyaena  and  hippopotamus,  now  so  characteristic  of  Africa,  entered  Eu- 
rope either  from  Asia  or  from  the  nori;h  African  region.  With  these  ani- 
mals may  have  come  the  lion  (Frli^  lea)  and  the  "old  elephant"  (E. 
antiquvs),  which  is  a  primitive  offshoot  of  the  same  stock  that  gave  rise 
to  the  African  elephant  (Loxodon  africanus). 

We  observe  that  in  Lower  Pleistocene  times  north  Africa  is  still  dis- 
tinctively a  pari;  of  the  Ethiopian  Region,  closely  connected  with  central 
and  southern  Africa  in  its  fauna.  Throughout  the  Lower  Quaternary 
the  fauna  of  north  Africa  is  also  closelv  related  to  that  of  Asia.  More- 
over  it  has  a  number  of  species  in  common  with  the  Quaternary  fauna  of 
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Europe,  including  those  noted  below  which  came  into  Europe  from 
Africa.  The  contrary  theory  of  the  relative  geographic  isolation  of 
Africa  and  Europe  in  Quaternary  times  originated  with  Pomel^  as  the 
result  of  his  exhaustive  review  of  the  entire  fauna  of  north  Africa.  He 
concludes  that  since  the  resemblances  between  the  European  and  north 
African  faunas  are  rare  and  often  doubtful,  the  two  continents  were 
for  long  periods  separated  by  the  Mediterranean  Sea  and  Straits  of 
Gibraltar. 


Fig.  l.-rieiHtoccfie,  or  /re  Aite 

A  period  of  maximum  total  elevation  facilitating  free  mit^rationn  and  invasions  of  life, 
culminating  in  the  Glacial  epoch,  and  followed  by  a  prolouKed  depression.  Portions  of 
northern  Europe  and  the  coasts  of  North  America  greatly  depressed.  Then  a  period  of 
reelevation.     Rearranged  after  W.  I).  Matthew.  lOOS. 

Climate. — At  the  beginning  of  the  Quateriiary  Period  north  Africa 
was  characterized  by  abundant  rainfall  which  led  to  the  formation  of 
great  alluvial  or  flood-plain  depositions.  In  the  Barbary  and  Sahara 
regions  the  life  was  closely  similar  to  the  grand  plateau  life  of  equatorial 
Africa  at  the  present  time,  including  elephants,  rhinoceroses,  zebras, 
wild  asses,  giraffes,  wild  cattle,  buffalo,  antelopes,  gazelles,  gnus,  elands, 
hippojKitami.  wart-hogs,  lions  and  hyaenas.     The  presont-e  of  these  ani- 

^roMKL.    A.:   "Les   l^I^phants   Quaternalres.'      (arte   <i^)l.    Alg^rie,    Pal^nt.    Monogr. 
Algiers.    1805. 
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mals  is  coiisisteut  with  the  climatic  theory  of  subtropical  temperature 
and  alternate  dry  and  rainy  seasons. 

Various  phenomena  point  to  increasingly  long  periods  of  drought  and 
progressiNe  secular  desiccation  of  this  <(reat  region  as  the  Pleistocene 
advanced^  resulting  in  the  partial  extinction  and  partial  migration  of  the 
great  equatorial  life  into  central  and  soutliern  Africa. 

Eurcmatic  Invasion. — At  the  close  of  the  Quaternary  tlie  bear  (Ursus), 
as  a  characteristic  forest-dweller,  requiring  a  moist  climate,  became  ex- 
tinct, while  the  Eurasiatic  deer,  wild  sheep,  wild  boar,  smaller  mammals 
of  European  type,  survived  and  established  for  this  region  its  present 
afiinity  with  Europe  and  its  Pala3arctic  fauna.  We  must  account  for 
this  northerly,  or  Eurasiatic,  fauna  of  north  Africa  as  having  entered  the 
continent  during  the  latter  part  of  the  Pleistocene  Epoch  and  as  sur- 
viving in  the  forested  regions  of  j)resent  aiul  })rehistoric  times  so  as  to 
unite  northern  Africa  closely  with  modern  and  ])rehistorii!  Kurope. 
North  Africa  thus  becomes  a  part  of  the  Palaearctic  Kegion. 

Thus  in  no  region  of  the  world  have  more  profound  changes  occurred 
during  and  since  Pleistocene  times  than  in  Africa  north  of  the  Sahara 
Desert. 

Sources  of  the  Pleistocene  African  Life. — It  is  premature  to  attempt 
to  ascertain  the  original  sources  of  all  the  various  members  of  this  im- 
posing assemblage  of  mammals.  There  remains  always  a  great  element 
of  doubt  which  can  be  eliminated  only  by  the  discovery  of  the  complete 
Caenozoic  history  of  Asia  and  Africa.  It  would  appear  probable  from 
our  previous  studies  that  the  several  continents  contributed  to  the  remote 
original  ancestry  of  the  African  fauna  somewhat  as  follows: 

Africa  or  Asia,  elephants  and  mastodons. 

Northern  Eurasia,  deer  and  bear,  wild  sheep,  wild  boar. 

Southern  Eurasia,  wild  cattle  and  buffalo. 

North  America  or  northern  Eurnsia,  rhinoceroses,  various  Equ'uUr.  camels. 

The  most  comprehensive  comparison  of  the  fauna  of  Africa  and  Europe 
is  that  of  Stromer,'*  in  w^hich  the  entire  fauna  of  P^uropc^  and  north 
Africa,  including  the  Keptilia  and  Mammalia,  is  L-oni])anMl  from  li')wer 
Eocene  to  Pleistocene  times.  This  author  observes®  that  during  the 
middle  period  of  the  Tertiary  the  mammal  fauna  of  southwestern  Eu- 
rope, western  Asia.  India  to  China,  jmrtook  of  the  tropical  or  subtropical 

'8TBOMER,  Ebxst  :  '*t'l)er  die  Bod«»utunK  dor  fossilen  Wirbeltiere  Afrikas  ftlr  die 
Tlergeographlo."     Verhandl.  d.  Deutsch.  Zo<"»l.  (icseUschaft.  pp.  204-218.     1900. 

*8tromer.  Ernst:  "I>le  oinstlpe  ViTbrcItiinf?  afrikaniHcher  Sttugetlere."  Naturwis- 
■enschaftlicbp  Wochenschrift.  N.  F..  X  Band:  d»»r  pinzen  Heihc.  XXVI  Band,  No.  51. 
pp.  814-816.     I»ec.   17.   IfUl. 
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character  of  the  African  high  plateau  fauna^  rich  in  antelopes,  giraffes, 
zebra-like  ancestors  of  the  horse,  elephants,  rhinoceroses,  hyaenas  and 
apes.  Late  in  Diluvial  times  in  Europe  numerous  representatives  of 
what  we  now  consider  a  tropical  African  fauna,  including  hippopotami, 
lions,  hyaenas  and  apes,  were  widely  distributed. 

Asiaiic  and  European  Affinities. — The  total  assemblage  of  the  Pleisto- 
cene life  of  north  Africa  may  be  summarized  as  follows  from  Pomel : 

A  noteworthy  distinction  between 
north  Africa  and  Europe  is  the  sur- 
vival in  north  Africa  of  the  masto- 
dons throughout  early  Pleistocene 
times;  also  of  several  species  of  hip- 
parions  side  by  side  on  the  plains  of 
Numidia  with  the  early  north  Afri- 
can horses^"  or  zebras.  Both  the 
mastodons  and  the  hipparions  are 
absent  in  the  Pleistocene  of  Europe. 
We  may  now  review  the  life  of 
north  Africa  itself  in  Pleistocene 
times.  Six  species  of  elephant 
occur,  including  the  mastodons,  the 
southern  mammoth  (E.  meridiona- 
lis'),  and  the  "old  elephant"  {L.  an- 
tiquus).  The  most  characteristic 
and  widespread  elephant  (L.  at  Jan- 
ticiis)  belongs  to  the  African  sub- 
genus Loxodon  while  differing  from 
the    recent    African    elephant     {L. 


Man  (Homo,  Late  Pleistocene) 
Mastodon  (Early  Pleistocene  only) 
Elephants    (several   species   related 

both  to  Loxodon  and  to  Elephas) 
Rhinoceroses    (two    species    of    the 

African,  or  Diceros  type) 
Hipparions,  zebras  and  asses 
Camels 

Giraffes  {Libytherium,  Oiraffa) 
Wild  cattle  (Bos),  three  species 
Buffalo  (Buhalus) 
Dwarf  antelopes,  gazelles,  griius,  oryx, 

nagor.  elands 
Hippopotami 
Wild  boar  (Sus) 
Wart  hogs  (Phacochoerus) 
Lions  (two  cavern  species) 
Hyaenas  (spotted  and  striped) 
Jackals  (Cania  aureus),  India 
Macaques  (of  northern  origin) 
Deer     (of    the    Cervus    type,    one 

species ) 
Bear  (of  the  Ilelarctos  group) 
Wild  sheep  and  goats  (Ovis  paUso- 

tragus,  O.  promaza) 


africanus)  in  several  points.  The 
latter  species  only  occurs  in  the  recent  deposits  of  the  latest  prehistoric 
period. 

Similarly  the  two  species  of  rhinoceros  {D.  mauritanicus,  D,  subiner- 
mis)  resemble  the  modern  African  types,  but  there  is  nothing  to  indicate 
the  presence  either  of  the  modem  African  '^lack^*  (D.  bicornis)  or 
"white^^  (D.  simus)  species. 

Among  the  Pleistocene  horses,  in  addition  to  the  surviving  hipparions 
and  the  species  (E.  numidicus)  related  to  the  Val  D'Amo  type  of  Eu- 
rope, there  is  a  third  species  {E.  maurif aniens)  which  exhibits  tooth 
characters  of  the  recent  zebra.     Thus  there  is  every  reason  to  believe  that 


^«  Bod  LB,  M.  :  "Observations  sur  quelqut^s  £quid4s  Fossiles."     Bull.  Soc.  G4ol.  France. 
Ser.  3,   vol.  xxvil,  pp.  531-542.     1899. 
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in  Pleistocene  times  ancestors  of  the  zebras,  whicli  are  now  confined  to 
equatorial  Africa,  extended  to  the  extreme  north  of  the  continent.  To 
the  same  period  belongs  a  wild  ass  very  similar  to  the  Ethiopian  ass 
{E.  asinus),  an  animal  which  survived  in  this  region  until  exterminated 
by  the  Greeks  and  Romans,  and  is  now  confined  to  the  highlands  of 
Abyssinia. 

Among  the  Artiodact}-la  the  presence  of  camels"  (C.  thomasii)  in 
PalfiBolithic  Pleistocene  times  and  even  in  deposits  of  Neolithic  age  (C 
dromedarius)  is  extraordinarily  interesting.  There  is  no  evidence  as  to 
domestication.  The  earlier  of  these  two  camels  of  ancient  Libva  had 
longer  legs  and  was  of  heavier  build  than  the  dromedary.  The  rare  re- 
mains of  the  later  form,  probably  identical  w4th  the  recent  dromedary, 
may  be  those  of  a  race  which  was  already  emigrating  or  ])ecoming  extinct. 
The  presence  of  the  camel  is  one  of  the  most  convincing  proofs  of  con- 
nection of  this  fauna  with  that  of  the  Upper  Siw^aliks  of  southern  Asia, 
and  thus  of  North  America. 

Especially  significant  of  Asiatic  and  Siwalik  affinity  are  the  Pleisto- 
cene cattle  and  buffaloes  of  north  Africa,  including  contemporary  species 
of  Bos,  all  belonging  to  late  Quaternary  or  to  the  Neolithic  age,  partly 
domesticated,  and  with  remote  resemblances  to  the  Pleistocene  cattle  of 
France  and  Spain.  Similar  Asiatic  affinity  is  found  in  the  remains  of  a 
buffalo  {Bvbdlus  antiquvs)  allied  to  the  existing  Indian  form;  this  was 
a  powerful  beast  which  presumably  lived  in  herds,  frequenting  grassy 
plains  and  swampy  districts,  and  in  its  presence  here  we  seem  to  find  con- 
firmation of  what  geology  teaches  us  in  regard  to  the  dampness  of  the 
Quaternary  climate.  The  disappearance  of  the  buffalo  from  north  Africa 
at  the  commencement  of  the  Recent  Period  was  no  doubt  due  to  the  in- 
creasingly dr}'  conditions,  and  partly  to  destruction  by  man. 

The  great  number  and  variety  of  antelopes  is  most  astonishing  in  this 
region,  which  at  present  is  inhabited  only  by  the  gazelles  (GazeUa),  the 
hartebeests  (Buhali^)  and  addax  antelopes  (Addaj).  The  Pleistocene 
fauna  includes  gnus  (Connochorfes),  several  species  of  Biihalis  still  rep- 
resented in  the  Barbary  States,  an  aberrant  form  (Orconagor),  related 
to  the  nilgai  of  India,  nine  species  of  gazelles  (GazeJla),  the  oryx 
{Oryo-),  the  nabor  (Cerrirapra  redunra),  several  large  elands  (Oreas), 
such  as  now  inhabit  south  Africa,  as  wtII  as  dwarf  antelopes  (Cephal- 
ophus).  Beside  these  plains  and  desert  t>T)es  of  ruminants,  the  hills 
were  covered  with  wild  sheep  (Ovis  paUrotragv^)  very  similar  to  the  ex- 
isting Barbary  sheep,  as  w^ell  as  goats  (Oris  promaza). 

"PoMBL,  A.:  "Cani^'llene  ¥t  Cervld^."  Carte  G^l.  Alg^rie.  Pal^nt.  MoDO^r.     Algiers, 
1803. 
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Ie  the  rivers  there  lived  in  early  and  later  Pleistocene  times  a  sertea 
of  species  of  hippopotami  [U.  hipponensis,  H.  sirensis,  H.  icosiensis) 
leading  to  a  form  (H.  annectens)  related  to  the  existing  Nile  hippopota- 
mus. There  are  also  two  types  of  wild  boar  (Sits),  and  more  abundant 
than  these  were  the  wart-hogs  {Pkacockarus)  found  in  tlie  cavea  and 
alluvial  deposits  of  Barbary. 

Preying  upon  these  Herbivora  were  lions,  leopards  and  byienas,  which 
are  compared  by  Pomel  with  Pleistocene  cave  forms  of  Europe,  There 
are  also  jackals,  wolves,  the  ichneumon  and,  possibly,  a  polecat. 


ffia.  2. — Skeleton  of  the  Pleiituceite  pigmu  Affiptipolamui  nf  Maiaaaifar,  Illppopolomu* 

maaoooMCorleHiii,  logeiher  -tcith  a  afeull  of  the  racent  fifppopotamui,  H.  ampMMiM 

Tn  the  American  MuBeiim  of  Naliira]  Uliilory. 

African-European  Distribution. — Of  this  imposing  list  the  following 
types  occur  both  in  .\frica  and  in  the  Lower  and  Aliddle  Pleistocene  of 
Europe,  the  speirins  being  similar  if  not  in  some  inslam'es  idonlicHl. 

SouUiem  elepbant  (£.  tneridionalin) .  whlcb  Is  also  foand  In  Pliocene  and  early 
Pleistocene  deposits  of  Europe. 

tUepbants  similar  to  £.  anti^uag  at  Europe  and  its  dwarf  representatives  la 
Malta  and  otber  MediterraneaD  Islands  are  found  In  tbe  Tipper  Plelstocme 
deposits  of  nortb  Africa. 

Ejong-headed  rblnoceroses.  It  would  appear  probable  tbat  tbe  woolly  rhi- 
noceros (D.antiquitatitl  wblch  Is  closely  related  to  the  "white"  rhinoceroa 
(O.  timtu)  originated  In  Africa,  but  uo  animal  resembling  It  has  been 
discovered  In  the  Afrii-nn  Pletstocene. 
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One  of  the  Pleistocene  horses  of  north  Africa  {E.  numidicus)  is  closely  similar 
to  the  Upper  Pliocene  E.  8tenonis  of  Europe. 

With  these  animals  may  have  come  the  lion  (Felia  leo)  which  was  widely 
spread  over  southern  Euroi>e. 

Hys^nas.  The  striped  (H.  striata)  and  spotted  hysenas  (H,  crocuta)  are  com- 
mon to  Europe. 

Bears.  The  bear  {Vrsus  lybicua)  found  fossil  in  Alg:eria  seems  to  belong  to 
the  Helarctoa  group,  possibly  derived  from  the  small  U.  etruscus  of  the 
European  Pliocene  and  now  represented  by  the  Malayan  sun  bear. 

Machserodonts.  Recently  (Stromer)  sabre-tooth  tigers  have  been  discovered 
in  Pleistocene  Egypt 

Primates.  The  primates  are  represented  by  the  macaque  (Macacus),  not  very 
different  from  the  existing  forms  which  frequent  the  region  of  the  Straits 
of  Gibraltar.  In  Pleistocene  times  the  macaques  ranged  northward  into 
southern  France  (Harl§). 

tSnillines.  Wild  boar  (Sus)  may  have  affinities  with  the  Pliocene  types  of 
Europe. 

With  the  exception  of  the  above  list,  there  is  little  in  common  between 
the  large  fanna  of  north  Africa  and  that  of  Europe  in  Pleistocene  times. 

AFRICA  IN  PALAEOLITHIC  AND  NEOLITHIC  TIMES. 

GirafEes  very  similar  to  the  recent  African  giraffe  {C.  giraffa)  have 
been  foimd  in  mid-Pleistocene  deposits  associated  with  Palaeolithic  stone 
implements  of  the  Chellean  type.^^  Industry"  similar  to  the  Chellean 
but  not  necessarily  of  the  same  age  is  found  in  Africa  from  Egypt  to  the 
Cape.  Giraffes  are  also  flepicted  in  rock  drawings  of  Xeolithic  age  in 
Algeria. 

In  Neolithic  times  there  existed  at  least  one  species  of  deer,  whereas  at 
present  there  are  two  kinds  of  deer,  the  red  and  the  fallow,^*  in  north 
Africa^  both  undoubted  Eurasiatic  migrants. 

The  prehistoric  men  of  the  Barbary  States  apparently  obtained  and 
domesticated  the  horse,  species  of  sheep  and  several  dogs,  and  left  many 
sketches  of  animals  on  the  rocks  of  the  region.^' 

Pleistocene  or  Glacial  Epoch  in  Europe 

After  the  establishment  of  the  single  glacial  theory  by  Charpentier  and 
Louis  Agassiz   (1836-1840),  there  gradually  developed  in  Europe  and 

»  Pallart,  P. :  "Note  sur  la  Girafe  et  le  Chameau  du  Quaternalre  Alg^rien.*'  BalL 
«oc  G4ol.  Prance,  Scr.  3,  Vol.  XXVIII,  pp.  908-009.     1900. 

i'Obksmaikh,  IIloo:  "Der  Mensch  der  Vorzolt.  Band  I.  of  Der  Mensch  aUer  Zelten/' 
AUeg.  Verlagt-Oesenscb.  m.  b.  h.  Berlin,  Munich,  Vienna,  1912. 

"See  Ltdbkkeb^  Richard:  Deer  of  all  Lands.  The  North  African  red  deer  iOervuM 
^laphuM  barharua)  is  smaller  than  the  European  race.  Evidence  on  the  range  of  the  com- 
jnoo  fallow  deer  (Cervua  dama)  in  northwestern  Africa  Is  not  verj  full. 

»  See  POMBL,  '93,  '94.  '95.  *96,  '97,  '98. 
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Amerii^a  the  hypothesiB  of  several  glacial  advances  of  varj'ing  duratdon 
and  severity  alternating  with  interglacial  temperate  periods  during  vhich 
the  ice  retreated  and  conditions  of  climate  prevailed  which  in  some  in- 
stances were  even  milder  than  the  present  in  the  same  latitudes. 

As  early  as  1856  Morlot  observed  a  relatively  warm  flora  between  two 
Swiss  glacial  deposits  at  Diirnten,  and  he  subsequently  advanced  a  theory 
of  three  glacial  stages.  James  Qeikie  (1871-1894)  developed  the  hypoth- 
esis of  a  succession  of  six  glacial  and  five  interglacial  stages  and  climates. 
In  IS8^  Boule  from  his  observations  along  the  Mediterranean  coast  main- 


Fia.  8. — atarlal  map  nf  northern  OermaHti  nnrf  Ihi  yetberlantli 
Tbli  map  sbowi  the  drift  and  termlDal  moraines  ol  GlaclatloDg  l-II.  Scanian  +  fine- 
onlan    (old    drift).    Ill    PolaDdiao  =  Ria«    {mldUlP    driri).    IV    McckipnburKlaii  =  Wflrm 
(apper  drift).     After  Lereretl.  lOlfl. 

tained  that  there  is  evidence  of  three  great  glacial  advances,  the  first  fall- 
ing wilhin  the  close  of  the  Pliocene  Epoch,  the  second  falling  properly 
within  the  Pleistocene.  The  firm  foundation  of  the  quadruple  theory  in 
Europe  was  laid,  however,  by  the  researches  of  Penck  and  Briickner'*  in 
the  Alpine  region,  published  in  1909.  According  to  this  classic  work  the 
entire  Glacial  Epoch  is  assigned  to  the  Pleistocene  or  Quaternary  Period. 
Its  deposits  include  the  entire  "Diluvium"  and  "Drift"  of  earlier  geolo- 
gists. 

All  the  river  gravels,  boulder-clays  and  mnniincs  of  the  Glacial  Epoch 

"PisrK.  Aldrkcht,  and  BkI^ 
BlvwIIrn  Id  den  Biidalp«n  and  li 
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are  of  later  date  than  the  marine  Pliocene  deposits  of  southern  Europe. 
Before  any  of  these  glacial  deposits  occurred  there  was  an  elevation  of 
the  marine  Pliocene  strata  along  the  southern  Alpine  borders  from  sea 
level  to  a  height  of  from  300-500m. ;  there  also  occurred  erosion  of  these 
marine  strata  by  rivers.  Thus  in  the  valley  of  the  Po  there  is  a  consid- 
erable time  interval  between  the  closing  marine  conditions  of  the  Plio- 
cene and  the  opening  Pleistocene  conditions.  In  the  valley  of  the  Rhone 
also  there  is  a  marked  interruption  between  the  strata  of  the  Pliocene  and 
of  the  Glacial  epochs,  the  latter  overlying  the  strata  recognized  as  Upper 
Pliocene,  which  in  turn  overlie  the  marine  Pliocene.*^ 

This  interval  between  the  Pliocene  and  Pleistocene  corresponds  with 
very  important  changes  which  occur  in  the  mammalian  life  of  Europe, 
namely,  in  the  extinction  of  many  characteristic  Pliocene  mammals,  such 
as  the  anthropoid  apes,  the  antelopes  and  the  mastodons. 
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PROFILE  OF  PAST  AND  PRESENT  SNOWLINES  AND  GLACIERS  OF  EUROPE 

Fiu.  4. — Thtoretic  snow  levels  during  the  Oladal  Epoch 

Prepared  under  the  direction  of  the  author  by  Chester  A.   Keeds  from  data  given  by 
J.  Geikie,  Penck,  Brtlchner.  I>everett  and  8tieler*s  Hand-Atlas,  December.  1914. 

The  traces  of  four  different  glacial  advances  and  retreats  observed 
around  the  northern  slopes  of  the  Alps  by  Penck  and  Briickner^**  wv.tq  fol- 
lowed with  their  "river  drifts"  and  moraines  down  the  Danube  to  the 
neighborhood  of  Vienna;  they  were  found  to  be  clearly  marked  in  the  re- 
gion of  the  upper  Rhine  and  of  the  Rhone  around  Lyons,  and  distin- 
guishable both  by  the  greater  or  the  less  extension  of  their  borders  and  by 
the  greater  or  less  erosion  which  has  occurred  in  the  intervals  between 
their  successive  depositions.  These  four  advances  were  named  respec- 
tively the  Giinz,  the  Mindol,  the  Piss  and  the  AViirni. 

As  an  instance  of  the  disparity  between  the  duration  of  these  several 
glacial  advances  with  the  accompanying  descent  of  the  ice  and  snow  line, 
the  old  moraines  of  the  Piss  or  third  glaciation  form  a  girdle  around  the 
more  recent  AViirm  or  fourth  glaciation,  proving  that  the  Piss  was  not 
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only  a  more  extensive  glaciation  but  that  the  snow  line  was  100m.  lower. 
It  is  also  estimated  that  the  climate  of  the  Hiss  was  one-twelfth  more 
severe  than  that  of  the  Wiirm. 

In  northern  Germany  only  three  great  glacial  advances  are  recorded, 
ivhile  still  farther  north,  in  Scandinavia,  there  was  in  a  sense  only  one 
Glacial  epoch,  since  the  ice  cap  never  retreated  so  far  as  to  permit  of 
interglacial  deposits.  This  is  in  accordance  with  the  anthropological 
fact  that  only  toward  the  close  of  Postglacial  times  does  Scandinavia 
show  traces  of  human  habitation  in  the  arrival  of  the  Neolithic  men; 
whereas  in  France  and  Germanv  there  is  evidence  of  human  habitation 

ft/ 

as  early  as  the  Second  and  Third  Interglacial  Stages. 

In  the  meantime  American  geologists  have  also  discovered  similar 
proofs  of  four  successive  glacial  advances  and  more  temperate  inter- 
glacial stages.  The  correlation  of  these  conditions  in  the  New  and  Old 
Worlds  suggested  by  Penck,  Chamberlin  and  others  has  recently  been 
reviewed  with  great  precision  by  Leverett,^®  to  whose  work  we  shall  fre- 
quently refer.  The  most  recent  results  of  geologic  and  anthropologic 
correlation  with  some  original  modifications  are  graphically  presented  in 
the  accompanying  fliagrani  (  Fig.  5)  by  the  author  and  Reeds.-^ 

Tlie  river  terraces  are  of  great  importance  both  in  geology  and  in  an- 
thropology. In  general  the  'Tiigh  terraces"  belong  to  the  earlier  glacia- 
tions  and  the  "low  terraces"  to  the  latest.  Thus  the  "high  terraces"  of 
the  Alpine  region  belong  to  the  Riss  or  glaciation  III ;  in  the  valley  of 
the  Rhine  the  *^igh  terrace''  is  visible  near  Basle;  the  "low  terrace"  of 
the  Wiirm  or  glaciation  IV  occupies  vast  surfaces  on  the  upper  Rhine 
and  contains  a  mammoth  (E.  primigeniiLs)  fauna.  The  ^^igh  terraces" 
in  the  Paris  basin  reach  30m.  above  the  level  of  the  Seine,  while  the  "low 
terraces"  are  only  5m.  above  the  level  of  the  Seine  and  subject  to  floods; 
the  ^Tiigh  terraces"  in  the  valley  of  the  Seine  contain  the  First  Inter- 
glacial (E.  meridiondlis,  E.  stenonsis)  fauna,  while  the  '^ow  terraces"  of 
the  Seine  and  of  the  Somme  contain  the  Second  and  Third  Interglacial 
fauna  (E.  trogontherii,  E.  antiquus,  and  D.  merckii), 

DURATION  OF  THE  PLEISTOCENE 

The  Pleistocene  was  estimated  by  the  American  geologist  Dana  (1874) 
to  be  equal  to  about  one-fourth  of  the  entire  Caenozoic  Era,  i.  e.,  700,000 
years.    By  Ward  (1886)  and  Williams  (1895)  it  has  been  estimated  at 

^  Leverbtt,  Frank  :  "Comparison  of  North  American  and  European  Glacial  Deposits." 
Zeitschr.  f.  Gletscherlcunde,  Vol.  iv.  pp.  241-316.     1910. 

">  Heeds,  Chester  A. :  Dr.  Reeds  has  prepared  the  climatic  curve  from  data  furnished 
by  Tenck,  Leverett,  Taylor,  Chamberlin,  Salisbury,  Geikle.  Schmidt,  Coleman  and  Osbom. 
Dated  October.   1014. 
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cne-third  the  entire  Cseiiozoic,  i.  e.,  1,000,()()0  years.  If  with  Wallace  we 
accept  CrolPs  theory  and  estimate,  the  last  glacial  advance  would  date 
back  to  the  last  period  of  great  eccentricity  of  the  earth's  orbit,  namely, 
200,000  years,  hut  this  we  now  consider  excessive.  The  following  figures 
show  the  variations  of  opinion  on  this  subject  and  the  two  opposite  tend- 
encies of  greatly  expanded  or  greatly  abbreviated  estimates  of  Pleistocene 
time: 

Lyell,  "Autbiuity  of  Man" 18<>3  800,000  years 

Upham 1893  100,000      " 

Walcott  1893  400,000       " 

Sollas 1900  400.000      " 

Penck 1009  520,000  to  840,000  years 

The  very  high  estimate  of  840,000  years  made  by  an  eminent  and 
iisually  conservative  authority  such  as  Penck  appears  exeossive  unless  we 
are  to  expand  our  estimates  of  Tertiary  time  (see  p.  63)  to  20,000,000 
years  and  of  the  pre-Tertiary  into  hundreds  of  millions  of  years. 

All  the  arguments  for  the  briefer  estimates  of  Pleistocene  time  have 
recently  been  brought  together  by  Wright.-^ 

Antiquity  of  Man. — Vast  interest  attaches  to  this  duration  problem  in 
connection  with  the  antiquity  of  man.  In  the  calculations  of  Penck"  the 
time  since  the  Fourth  or  Wiirm  glaciation  has  been  used  as  a  measure- 
unit  to  calculate  the  length  of  the  previous  glacial  and  interglacial 
periods.  It  is  believed  that  since  the  climax  of  the  Wiirm  glaciation 
from  20,000  to  34,000  years  have  elapsed.  Geologic,  prehistoric  and 
historic  events  since  the  close  of  the  last  glaciation  make  this  estimate 
appear  not  excessive.  In  regard  to  tlie  previous  time  intervals,  the  au- 
thor does  not  pretend  to  give  an  absolute  age  estimate,  but  simply  a 
survey  of  the  relative  magnitude  of  the  time  periods  with  which  we  are 
dealing. 

The  unit  of  measurement  is  Postglacial  or  post-Wiirm  time  which 
Penck*'  estimates  at  20,000  years.  On  the  basis  of  this  estimate  the 
time  (520,000  years)  covered  by  the  whole  Glacial  Epoch  is  relatively 
distributed  as  follows : 


"  Wright,  9.  Frederick  :  The  Ice  Age  In  North  America  and  Its  Bearings  upon  the 
Antiquity  of  Man.    Svo.    Bibllotheca  Sacra  Co.    OberUn,  1911. 

"  PBifCK,  A. :  "Das  Alter  des  Menschengcschlechts/'  Zeitschr.  Etbnol.,  No.  3,  pp. 
890-407.     1908. 

■  Penck,  A.,  and  BrCckner.  Edoi'ard  :  "Die  Alpen  im  Elszeitalter.  Dritter  Band.  Die 
Bisseiten  In  den  Sudalpen  und  im  Berelch  der  Ostabdachung  der  Alpen."  Svo.  Tauch- 
nlti,  Lelpilg.  1909.     (pp.  ll.'lSllTe.  "Chronologie  d.  Riszeitalters  in  d.  Alpen.**     Penck.) 


23H  AyXAf.S  XEW   YORK  AfWDEMY  OF  SC/EXCES 

Itelatlve     rr^vtoia    DeBcent  of 
duration     ^^lajs     ^^^^,  ^^^^ 

InitH  Years  Years  Meters 

Postglacial,  post-Warm  hemicycle. . .     1  20,000  20,000          

IV  or  WuRM  (iLACiATioN 1  20,000  40,000  1,200 

Srd  or  Riss-Wdrm  Iiiterglaeial  Stage.     3  60,000  100,000          

III  or  Rise  Glaciation 1  20,000  120,000  3,250 

2n(i  or  Mindel-Riss  Interglacial  Stage  12  240,000  360,000          

II  or  MiNDEL  Glaciation 1  20,000  380,000  1.300 

1st  or  Ganz-Mlndel  Interglacial  Stage     5  100,000  480.000          

I  or  GiJNz  Glaciation 1  20,000  520,000  1,2(X> 

The  three  chief  conclusions  of  Penck  are  as  follows : 

1.  If  the  whole  Ice  Age  extended  over  a  period  of  500,000  to  1,000,000 
years,  the  Second  very  long  warm  Interglacial  Stage,  also  known  as  the 
Mindel-Riss  or  Helvetian,  is  reckoned  at  more  than  200,000  years,  while 
the  final  relatively  short  interglacial  stage,  the  Riss-Wlirm,  is  reckoned 
at  60,000-100,000  years. 

2.  The  duration  of  the  Lower  Palaeolithic  ciilture  periods,  the  pre- 
Chellean,  Chellean  and  Mousterian,  would  by  this  reckoning  be  much 
longer  than  that  of  the  Upper  Palaeolithic  culture  periods,  the  Aurig- 
nacian,  Solutreau  and  Magdalenian.  Penck  estimates  that  since  the  be- 
ginning of  Magdalenian  times  24,000  years  may  have  elapsed  and  since 
its  close  about  16,000  years. 

3.  Compared  with  these  prolonged  Paleolithic  divisions  the  Neolithic 
Stone  and  Metal  periods  have  occupied  an  almost  unappreciable  length 
of  time.  If  the  beginning  of  the  Neolithic  lake  dwellings  is  dated  about 
5,000  to  7,000  years  ago  we  estimate  that  the  beginning  of  the  Copper 
Age  in  Europe  dates  back  between  3,000  and  3,500  years ;  in  Africa  it  is 
much  more  ancient. 

The  human  culture  stages  are  arranged  above  not  according  to  Penck 
but  according  to  the  more  recent  correlations  of  Obermaier,  Breuil, 
Schmidt  and  others. 

GEOLOGIC  AGE  OF  THE  CULTURE  STAGES 

The  trend  of  Palaeolithic  research  latelv  has  been  to  draw  all  the 
human  culture  periods  from  the  pre-Chellean  to  the  Magdalenian  closer 
together  and  to  reduce  the  time  assigned  for  their  evolution.  All  the 
French  authorities,  led  by  Boule,  Cartailhac,  Breuil  and  Obermaier,  are 
now  agreed  in  assigning  the  earlier  Palaeolithic  cultures,  the  pre-Chel- 
lean, Chellean  and  Acheulean,  to  the  Third  Interglacial  Stage  and  not  to 
the  Second.  Schmidt  has  also  lately  declared  himself  in  favor  of  this 
view  after  a  most  exhaustive  and  valuable  investigation  of  this  problem. 
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A  summary  of  the  correlation  presented  in  this  chapter  is  embodied  in 
the  Table  of  Osborn  and  Eeeds  above.  A  summary  of  the  \ery  diverse 
opinions  on  this  subject  is  embodied  in  the  Table  of  Wiegers  below. 

A  very  strong  reason  for  abbreviating  our  estimates  of  the  period 
which  has  elapsed  since  the  appearance  of  man  of  the  pre-Chellean  cul- 
ture stage  in  Europe  is  found  in  the  relatively  unchanged  condition  of 
the  river  valleys  of  the  Somme  in  northern  France  and  of  the  V^^re  in 
Dordogne,  in  which  the  earliest  human  cultures  occur.  The  Vez^re  has 
not  materially  changed  since  Acheulean  times.  The  pre-Chellean,  Cliel- 
lean  and  Acheulean  specimens  found  in  the  Somme  valley  are  also  con- 
nected with  the  present  river  system.  Both  on  the  Somme  and  the 
Marne  the  Chellean  and  pre-Chellean  cultures  occur  on  the  *^lowest  ter- 
races.^* Again,  there  is  no  faunal  break  between  late  Chellean  and  early 
Acheulean  times  nor  between  late  Acheulean  and  early  Mousterian  times. 
The  first  great  faunal  break  is  that  produced  by  the  Fourth  glaciation. 

In  favor  of  Penck^s  contention  as  to  the  earlier  geologic  age  of  the 
Chellean  is  the  (xMurrence  of  pre-ChclU*nn  and  Chellean  ])aUeoliths  in 
association  with  a  very  primitive  mammalian  fauna  such  as  is  character- 
istic of  Second  Interglacial  times. 

ELEVATION  AND  SUBSIDENCE  OF  LAND  IN   QUATERNARY  TIMES 

The  relations  of  the  mammals  of  Europe  with  those  of  Asia  on  the  east 
and  Africa  on  the  south  were  profoundly  affected  in  Pleistocene  times  by 
the  periods  of  elevation  of  the  continental  shelf,  resulting  in  the  creation 
of  new  land  connections  which  facilitated  migration,  or  of  subsidence 
which  cut  off  and  isolated  many  migrating  forms  from  their  centres  of 
origin  and  dispersal.  The  maximum  elevation,  as  represented  in  the 
accompanying  diagram  (Fig.  1),  never  occurred  in  all  portions  of  the 
continent  of  Europe  at  the  same  time,  because  there  were  oscillations 
both  on  the  northern  and  southern  borders  of  Europe  and  Asia. 

The  beginning  of  the  Pleistocene  Epoch  is  one  of  elevation  and  is  re- 
markable for  the  broad  land  connections  between  Europe,  Africa  and 
Asia.  It  represents  the  last  stage  in  that  vast  community  of  mam- 
malian life  which  during  Pliocene  times  distinguished  the  entire  region 
of  Europe,  Asia  and  Africa. 

The  theoretical  relation  which  elevation  and  subsidence  respectively 
bear  to  the  glacial  and  interglacial  stages  and  plienomena  i«,  broadly 
speaking,  as  follows : 

ELEVATION,  emergence  of  the  land  from  the  sea,  broad  land  c>oiineotions 
facilitating  migration,  retreat  of  the  ice  caps,  periods  of  erosion  of  the 
river  valleys  and  formation  of  terra eef<. 
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SUBSIDENCE,  siibmergeuee  of  the  laud  and  advance  of  the  sea,  land  con- 
nections interrupted,  advance  of  the  glaciers,  periods  of  deposition  and 
filling  of  the  valleys. 

Thus  Boule  and  Geikie  consider  the  glacial  stages  as  mainly  periods  of 
continental  subsidence  and  filling  of  the  valleys,  the  interglacial  as  times 
of  elevation  and  erosion  of  valleys  and  terraces.  Penck  estimates  the 
elevation  of  southern  Europe  at  100m.  in  the  beginning  of  Pleistocene 
times ;  he  speaks  of  the  elevation'  of  the  Alps  during  the  Second  Inter- 
glacial Stage.  Geikie  describes  the  southern  half  of  the  North  Sea  as 
dry  land  during  the  First  Interglacial  Stage  traversed  by  a  northern  ex- 
tension of  the  River  Rhine,  while  the  approach  of  the  Second  Glacial 
Stage  was  heralded  by  a  submergence  of  this  area  of  the  North  Sea. 
Again  (Geikie)  during  the  Second  Interglacial  Stage  the  English  Chan- 
nel and  probably  a  large  part  of  the  North  Sea  became  dry  land.  Finally 
(Pohlig)  during  the  Third  Interglacial  Stage  there  was  a  period  of 
continental  elevation  and  a  dry,  cold  steppe  climate  in  western  Europe. 

Consistent  with  this  hypothesis  is  the  deposition  of  loess  during  the 
Second  and  Third  Interglacial  Stages,  also  during  the  Postglacial  Stage, 
because  loess  deposition  is  characteristic  of  dry  and  elevated  continental 
climates  with  winds  prevailing  in  one  direction. 

Final  Suhs'ulern e. — Consistent  with  this  liypothesis  also  is  the  fact  that 
general  and  local  subsidence  in  the  northern  hemisphere  was  the  chief 
feature  of  closing  Pleistocene  times  or  the  very  cold  Postglacial  Stage; 
all  the  old  continental  connections  which  had  been  characteristic  of  the 
Tertiary  were  cut  off;  in  the  northwest  the  English  Channel  was  formed. 
Great  Britain  became  isolated  from  Europe,  Ireland  first  lost  its  land 
connection  with  Wales  and  then  with  Scotland  ;  to  the  eastward  the  Medi- 
terranean Sea  extended  into  the  ^gean  region  and  cut  off  the  old  land 
connection  between  Greece  and  Asia,  which  had  so  long  served  to  connect 
Greece  with  the  mammalian  life  of  southern  Asia.  During  a  period  of 
extreme  subsidence,  the  Black  Sea,  the  Caspian,  the  Sea  of  Aial  forine<l 
a  large  single  sheet  of  water  known  as  the  Hyrcanian  Sea.  In  southern 
Asia  similar  subsidence  and  separation  phenomena  were  in  progress;  the 
islands  of  the  East  Indies,  Sumatra  and  Java  were  cut  'If  from  the 
Malay  Peninsula.  The  separation  of  the  Japan  and  Philippine  archi- 
pelagos probably  occurred  in  late  Postglacial  times.  To  the  far  north- 
east late  in  Pleistocene  times  Asia  lost  its  connection  with  America, 
Bering  Straits  were  reopened,  and  the  so-called  Nearctic  region  of  North 
America  was  completely  isolated  from  the  Palaearctic  region  of  Eurasia 
after  a  long  period  of  community  and  free  intermigration  of  Holarctic 
life. 


240  ANXALS  yEW  YORK  ACAIffJMY  OF  SCIENCES 

Final  Elevation. — This  extreme  subsidence  was  follo\ve<l  in  late  Post- 
glacial times  both  in  Europe  and  America  by  reelevation  which  gave  the 
continents  their  present  contours  and  climates. 

ALTERNATIONS  OF  CLIMATE  AND  FLORA 

Fluctuations  of  temperature  and  of  moisture  in  Pleistocene  times  are 
indicated  first  by  the  advances  and  retreats  of  the  ice  caps,  second  by  the 
presence  of  arctic  or  temperate  Mollusca  in  the  coast  waters,  third  by  the 
variations  in  the  flora  in  glacial  and  interglacial  times,  fourth  by  the 
alternate  appearance  of  the  northerly  or  southerly  types  of  mammals  and 
birds,  fifth  by  the  nature  of  the  geologic  depositions,  sixth  by  the  nature 
of  the  land  Mollusca  in  the  loess.  Combining  the  evidence  derived  from 
these  various  sources  the  theoretic  broad  divisions  of  the  climatic  se- 
quence are  as  follows:  (1)  the  cold  and  moist  phases  connected  with  the 
successive  glacial  advances  and  retreats;  (2)  the  warm  to  temperate 
climates  of  the  First  and  Second  Interglacial  Stages  and  first  half  of  the 
Third  Interglacial;  (3)  the  dry  and  cold  climate  of  the  second  half  of 
the  Third  Interglacial  Stage  and  early  Postglacial  times;  (4)  the  damp 
and  cool  climate  of  late  Postglacial  times  favorable  to  forests. 

The  theoretic  alternating  conditions  of  each  complete  glacial  cycle  are 
as  follows  :^* 

Subsidence :     Glacial  Maximum  :  Tuudra  flora  aud  fauna 

Glacial  Retreat :       Cool  and  moist  forest  flora  and  fauna 

Elevation :       Interglacial :  Dry  conditions,  flora  and  fauna.     Steppe 

Glacial  Advance:     Cool  forest  fauna  and  flora 

Subsidence :     Glacial  Maximum  :  Cold  tundra  flora  and  fauna 

Low  Glacial  Stage  Temperatures, — Low  temperatures  during  the  pe- 
riods of  glacial  advance  are  attested  both  by  the  advent  of  northern  Mol- 
lusca, marine  and  terrestrial,  northern  flora,  and  the  repeated  arrival  in 
Europe  of  members  of  the  cold  fauna  of  the  arctic  tundras,  including  both 
the  smaller  and  the  larger  mammals  and  the  birds,  as  well  as  the  cold 
fauna  of  the  high,  arid  steppes  of  western  Asia.  Low  temperatures  are 
attested  also  in  early  Postglacial  times  during  the  great  Aurignacian- 
Magdalenian  art  period  by  the  heavy  covering  of  hair  indicated  on  all 
the  animals  depicted  by  the  Upper  Palapolithic  artists.  This  hairy  cov- 
ering coincides  exactly  with  that  of  the  extreme  northern  tundra  types  of 
reindeer,  woolly  rhinoceros  {D.  antiqvitati^)  and  woolly  mammoth  (E. 
primigenius)  found  imbedded  in  the  ice  or  frozen  soil. 

'•Compare  W(ist. 
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Moderate  Estimates  of  Temperature, — That  the  advancing  glaciers 
alone  do  not  constitute  proof  of  very  low  temperatures  is  observed  in 
Alaska,  where  very  heavy  snowfall  or  precipitation  causes  the  accumula- 
tion of  great  glaciers,  although  the  mean  annual  temperature  of  the 
glacier  region  is  40°-45°  F.  (4.44°-7.22°  C.)  as  compared  with  that  of 
northern  Germany,  45''-50°  F.  (7.22°-10°  C),  t.  e.,  from  mouth  of 
Rhine  S.  E.  along  source  of  northward  flowing  rivers,  e.  g,,  Elbe,  Vistula, 
etc.  Neumayr  estimated  that  during  the  Ice  Age  there  was  a  general 
lowering  of  temperature  in  Europe  of  not  more  than  6°  C,  and  held  that 
even  during  the  glacial  advances  a  comparatively  mild  climate  prevailed 
in  Great  Britain.  Martins  estimated  that  a  lowering  of  temperature  to 
the  extent  of  4*^  ('.  would  bring  the  glaciers  of  Cliamonix  down  to  the 
level  of  the  plain  of  Geneva.  Penck  estimates  that  all  other  atmospheric 
conditions  remaining  the  same  as  now  a  fall  of  temperature  to  the  extent 
of  4*^  to  5°  ('.  would  be  sufficient  to  bring  back  the  (rlacial  E])ofh  in 
Europe.  Perhaps  the  strongest  proof  that  Europe  was  not  refrigerated 
during  the  first,  second  and  third  glacial  advances  is  the  survival  of  the 
African -Asiatic  fauna  throughout  the  whole  period  until  the  fourth 
glaciation,  which  was  accompanied  by  widespread  severity  of  climate. 

Warm  and  Temperate  Interglacial  Stages, — Similarly  the  early  hy- 
potheses of  extremely  wann  or  subtropical  conditions,  based  chiefly  upon 
the  northerly  distribution  of  hippopotami  and  rhinoceroses,  animals 
which  we  now  associate  with  tropical  conditions,  are  not  supported  by  the 
study  of  the  interglacial  flora.  It  is  quite  probable  that  both  the  hippo- 
potami and  rhinoceroses  of  the  so-called  "warm  fauna"  were  covered  with 
hair  although  by  no  means  so  thickly  covered  as  the  woolly  rhinoceros 
and  elephant  of  the  arctic  tundras.  There  is  evidence  that  in  the  First 
Interglacial  Stage  southern  England  and  France  enjoyed  somewhat 
warmer  and  moister  conditions  of  climate  than  the  present.  The  Second 
Interglacial  Stage  also,  which  is  commonly  distinguished  as  the  ^%ng 
warm"  Interglacial  Stage,  was  of  somewhat  higher  temperature  than  the 
present.  The  general  evidence  is  that  both  in  Europe  and  North  Amer- 
ica, especially  in  the  First  and  Second  Interglacial  intervals,  the  climate 
in  the  northern  hemisphere  was  somewhat  more  equable  and  milder  than 
at  present,  with  a  higher  mean  temperature,  at  certain  intervals  with 
greater  precipitation  of  moisture,  at  other  intervals  much  more  cool  and 
arid.     There  was  perhaps  more  sunshine  than  now. 

As  a  result  of  favorable  interglacial  conditions  arboreal  vegetation 
flourished  to  the  far  north  along  the  Arctic  ocean,  and  the  present  tundra 
regions  of  Siberia  and  British  America  then  supported  forests  which 
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have  long  since  been  extirpated,  the  northern  limit  of  similar  living  trees 
now  lying  far  to  the  south. 

A  Uernations  of  Flora, — It  is  clear  from  these  great  successive  fluctua- 
tions of  temperature,  moisture  and  aridity  during  Pleistocene  times  that 
the  flora  cannot  be  treated  as  a  unit  nor  as  progressing  in  a  single  direc- 
tion like  the  flora  of  preceding  epochs;  the  flora  as  well  as  the  fauna 
presented  alternations  of  arctic,  boreal  and  temperate  species  which 
migrated  southward  and  northward  following  the  advances  or  retreats  of 
the  glacial  cap.  Thus  we  may  observe  evidences  of  changes  of  climate 
and  flora  from  forested  conditions  to  steppe  conditions  and  back  to  for- 
ested conditions.  From  the  beginning  of  the  Fourth  Interglacial  in- 
terval to  the  present  time,  the  Alps  region  (Penck.  Briirkner,  1909)  has 
apparently  gone  through  a  cycle  of  changes  such  as  the  following: 

VeOKTATION  ('LIMAT^'  EPOCH 

Fourth,  forest  conditions      Western  European,  oceanic        Modern 

Third,  steppe  conditions        Western  Asiatic,  continental      Fourth  Glacial  and 

Postglacial 
Second,  tundra  conditions     Xortheastern-European,  Fourth  Glacial 

subarctic 
First,  forest  conditions  Westom-Enropean.  oceanic        Third  Interglacial 

The  elephants  (Hilzhoimer,  1913)  in  the  structure  of  their  grinding 
teeth  afford  clear  indications  of  tlio  plant  life,  whether  consisting  mainly 
of  grasses  or  forests,  but  not  of  climate  except  in  so  far  as  vegetation  is 
dependent  upon  moisture.  The  advance  and  retreat  of  the  ice  is  de- 
pendent both  upon  moisture  and  extreme  cold  and  involves  the  frozen 
subsoil  conditions  of  the  tundras  which  are  fatal  to  forests.  Cases  of 
alternation  of  conditions  favorable  to  Elephas  trogontherii,  which  is  be- 
lieved to  be  a  grass-eating  form,  and  of  Elephas  antiquum,  which  is  be- 
lieved to  be  a  forest-living  form,  are  observed  in  Taubach  by  Wiist.*' 
This  author  observes  in  the  lower  layers  Elephas  antiquus  succeeded  in 
the  middle  layers  by  E.  irogontherii  and  then  in  the  upper  layers  again 
by  E.  antiquus,  and  deduces  from  this  succession  a  change  of  conditions 
from  forest,  to  steppe,  to  forest. 

FAUNAL  LIFE  ZONES  OF  EUROPE 

Tn  the  whole  history  of  the  Mammalia  in  various  parts  of  the  world  we 
know  of  no  conditions  so  unusual  and  complex  as  those  which  prevailed 
in  Europe  in  Pleistocene  times.     These  conditions  were  the  product  of 


»  WOsT,  Kwaid:  "Die  pUstozilnen  Ablas?erungen  des  Travertlngrebietes  der  Oegend  Ton 
Weimar  und  ihre  Fossllienbestttnde  In  Ihrer  Bedeutung  fUr  die  Beurteilung  der  KUmasdi- 
wankungen  des  Elszel falters."     Zeltschr.   Naturw..   IW.   S2.   pp.    l«l-252.     I^lpzlR.   1911. 
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cycles  of  environment  and  of  life  which  have  never  prevailed  before  and 
will  never  recur  even  if  the  world  were  to  enter  a  fifth  glacial  stage,  for 
besides  the  extraordinary  geographic  and  climatic  changes  which  have 
been  outlined  in  the  previous  pages  there  was  the  prodigal  profusion  of 
life  which  survived  from  Pliocene  times  and  has  since  become  extinct. 

The  result  of  these  complex  conditions  wa^  the  assemblage  in  Europe 
nf  animals  indigenous  to  every  continent  on  the  globe  except   South 


America  and  Australia,  and  adapted  to  every  dimatic  life-zone  from  the 
warm  and  dry  plains  of  southern  Asia  and  northern  Africa  to  the  tem- 
perate forests  and  meadows  of  Eurasia,  from  the  alpine  heights  of  the 
Alps,  Pyrenees  and  Altai  Mountains  to  the  high,  dry  steppes  of  central 
Asia  with  their  alternating  heal  «(  suthtiiit  and  rold  of  winter,  from  the 
tundras  or  barren  grounds  of  Scandinavia,  northern  Europe  and  Siberia 
to  the  mild  climate  of  southern  Europe.  All  these  animals  had  been 
evolving  during  tlie  Pliocene  Epf)ch   in  these  \arious  habitats  and  they 
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also  underwent  a  very  considerable  evolution  during  Pleistocene  times  in 
their  respective  habitats. 

Owing  to  successive  migrations  and  invasions  into  Europe  of  these 
exotic  types  of  the  north  and  south  we  should  not  expect  to  find  a  con- 
tinuous phyletic  evolution  or  transformation  such  as  we  have  observed  in 
the  earlier  epochs,  excepting  only  that  which  occurred  among  the  Eura- 
siatic  forest  and  meadow  types  which  appear  to  have  been  native  or  in- 
digenous in  Europe  from  the  earliest  Pleistocene  to  prehistoric  times. 
These  Eurasiatic  forest  and  meadow  mammals  were  continuous  residents, 
retreating  in  the  coldest  periods  to  the  shelters  on  the  east  and  south. 
Cerviis  eJaphus,  for  example,  passed  through  several  subspecific  stages  of 
evolution.  The  invading  hordes  from  the  tundras,  the  steppes,  from 
northern  Africa  and  from  Asia  represent  branches  which  had  their  evolu- 
tion elsewhere.  This  is  true  both  of  the  mammals  and  of  the  races  of 
men  which  had  their  genesis  in  the  far  east  and  southeast  and  arrived  in 
Europe  when  it  was  a  fertile  peninsula,  a  region  too  small  to  be  the  seat 
of  a  continental  evolution  or  adaptive  radiation. 

The  five  great  regions  which  contributed  to  the  European  Pleistocene 
were  as  follows : 

African  and  Asiatic^  Plains  and  Forest  Types 
European  and  Asiatic,  Forest  and  Meadow  Types 
European  and  Asiatic,  Alpine  Types 

Steppe  Regions  of  Southern  Eurasia  and  Eastern  Sirekia 
Arctic  Tundra  Regions  of  Northern  Eurasia 

Literature. — The  African-Asiatic  element  in  these  Pleistocene  faunas 
was  the  first  to  be  recognized  and  commented  upon  by  the  early  writers ; 
it  is  commonly  known  as  the  "warm  fauna.^*  We  owe  especially  to  Neh- 
ring  the  discrimination  between  the  tundra  and  the  steppe  faunas. 
Gaudry,  Harle,  Wold  rich,  Studer  and  Boule  have  added  to  our  knowl- 
edge of  these  faunae.  Other  contributors  are  Pohlig,  Soergel,  Porster, 
Hilzheimer,  Wiist  and  Dietrich.  A  strict  systematic  revision  and  intro- 
duction of  the  trinomial  system  is  greatly  needed.  The  most  complete 
recent  faunal  lists  of  the  late  Pleistocene  deposits  in  which  traces  of  man 
are  found  aro  tliose  of  Koken  and  Schmidt  (1912),  who  have  also  insti- 
tuted the  closest  correlation  between  the  m^igrations  of  the  Mammalia 
and  tlie  successive  stages  of  human  culture. 

Afriran-Asintic  Mnnuncl^,  Warm  Fauna. — These  mammals  include 
those  which  first  appear  in  the  Upper  Pliocene  and  survive  into  Lower 
Pleistocene  times:  also  those  which  first  appear  in  the  Second  Inter- 
glacial  Stage  and  constitute  the  so-called  "warm  fauna"  which  survived 
in  Europe  until  the  middle  or  close  of  the  Third  Interglacial  Stage.    The 


-  -—  — 


OSBOHX,  REVIEW  OF  THE  PLEISTOCEXE 


245 


principal  members  of  this  list  together  with  the  probable  continental  cen- 
tres of  their  origin  are  as  follows : 

Macacus  ?sp.  (Africa) 
Elephaa  meridionalia  (Asia) 
Elephas  antiquus  (Asia- 
Africa) 
Dicerorhinus  etruscus  (Asia) 
"  merckii  (Asia) 

Hippopotamus  major  (Asia) 
Boa primigenius  (Asia) 
Bison  prisons  (Asia) 
Equus  stenonis 
MachoTodus  laiidens 
Hywuaspelwa  (Asia -Africa) 
*'      striata  (Asia- Africa) 
Cams  aureus  (Africa) 
Felis  leo  antiqua  (Africa) 
pardus 


i< 


Macaque  baboou 

Sudelefant 

Soutliern  mammotli 

Altelefant 

Straiglit-tusl<Led  elephant 

Naslioru 

Etruscan  rhinoceros 

Merclcsches  Nashorn 

Broad-nosed  rhinoceros 

Flusspferd 

Hippopotamus 

Uroclis,  Auerochs 

Urns 

Wisent,  "Aueroclis" 

Primitive  bison 

Upper  Pliocene  horse 

Sabre-toothed  tiger 

Holilenliyane 

Cave  hyaena 

Sehakal 

Jackal 

Altlowe 

Tiion 

r..eoparde 

f..eopard 

The  remains  of  these  animals  play  a  very  important  part  both  in  the 
subdivision  of  the  geologic  horizons  of  Europe  and  in  theories  regarding 
the  alternation  of  climates,  as  well  as  in  the  determination  of  the  an- 
tiquity of  man.  They  are  foimd  chiefly  in  the  river  sands,  river  deposits 
and  "High  Terraces"  of  the  First  and  Second  glaciations  and  "Low  Ter- 
races" of  the  Third  Glacial  and  Interglacial  Stages.  Some  survivors  are 
found  in  the  shelter  and  cavern  deposits  of  the  Third  Interglacial  Stage 
as  objects  of  the  chase.  Only  two  of  these  animals,  the  urus  and  the 
bison,  survive  to  become  members  of  the  Prehistoric  Forest  and  Meadow 
Fauna  of  Europe.  The  lion  also  survived  into  Postglacial  times  but  dis- 
appeared in  Europe  before  the  Prehistoric  and  Neolithic  periods. 

Although  originally  derived  from  southern  Asia  or  from  Africa,  the 
woolly  elephant  {E.  primigenius)  and  woolly  rhinoceros  {Diceros  antiq^ 
uitatis)  are  not  to  be  placed  with  the  African- Asiatic  fauna  because  they 
appear  in  Europe  only  with  the  northern  Glacial  or  Timdra  Fauna  and 
are  invariably  indicative  of  cold  climatic  periods. 

Eurasiatic  Forest  and  Meadow,  Temperate  Fauna. — These  animals  were 
resident  in  the  forests  and  meadows  of  Europe  during  the  entire  Pleisto- 
cene Epoch  and  survived  with  a  few  exceptions  into  Postglacial  and  Pre- 
historic times.  In  fact,  they  are  probably  separable  by  differences  of 
specific  and  subspecific  value  from  their  successors  in  prehistoric  Europe, 
but  many  authors  still  embrace  them  within  the  existing  specific  terms. 
They  are  divided  into  Forest  and  Meadow  types,  the  former  with  brachy- 
odont  teeth  adapted  to  browsing  habits  and  forest  environment,  the  latter 
with  elongate  or  hypsodont  grinding  teeth  adapted  to  meadows  and  a  diet 
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of  grasses.  Some  of  them,  like  the  beavers,  are  stream-  and  river-dwellers. 
Naturally  there  is  not  always  a  sharp  line  of  division  between  the  habitats 
of  these  Forest  and  Meadow  types ;  the  Carnivora  especially  wander  after 
their  prey  from  the  forests  into  the  meadows  and  along  the  stream 
borders.     The  cattle  and  bison  frequent  both  tlie  forests  and  meadows. 


Forest  Mauualb 


Sus  scrofa  ferus 

Wildsehwein 

Wild  boar 

Cervus  claphus 

Edelhirsch 

Red  deer,  stag 

Megaccroa  Oermaniw 

Kiesenbirseh 

Giant  deer 

Cervus  moral  (Persia) 

Maral  deer 

Capreolus  capreolus 

Reh 

Roedeer 

Alces  latifrona 

Eleh 

Moose  (broad-faced) 

Equua  moBhachenais 

Horse  of  Mosbacb 

Trogontherium  cuvieri 

Giant  beaver 

Castor  filer 

Blber 

Beaver 

Sciurus  vulgaris 

Eichhornchen 

Squirrel 

Lcpus  cuniculus 

Wildkaninchen 

Wild  rabbit 

Arvicola  amphibius 

Wasserratte 

ratticeps 

Nordlsche  Wuhlratte 

"        agrestis 

Erdmaiis 

"        glareolus 

Hotel  maus 

My  ox  us 

Dormouse 

Mus  sylvaticus 

Forest  mouse 

Talpa  eiiropwa 

Mole 

Ursus  deningeri 

DeniDger  Bar 

arctos 

Brauner  Bar 

Brown  bear 

speiwus 

Iloblenbar 

Cave  bear 

arvernetisis 

Val  d'Arno  bear 

Fvlis  catus 

gem.  Wildkatze 

Wild  cat 

Lynchus  lynx 

geiri.  Luchs 

Jj.vnx 

Lynx  cervaria 

Silberluchs 

Eurasia  tic  lynx 

Cants  lupus 

Wolf 

Wolf 

'*     neschersensis 

**     Suessi 

Vulpcs  alopcx 

gem.  Fucbs 

Common  fox 

Mclcs  taxus 

Dacbs 

Badger 

Mnstcla  imlgaris 

gem.  Marden 

Marten 

**       martcs 

Edelinarder,  Baum- 
riiarder 

Pine  marten 

Gulo  luscus 

Wolverine 

Fatorius  putorius 

litis 

Polecat 

Lutra  vulgaris 

Fiscbotter 
Meadow  Mai^mals 

Otter 

Bison  prisons 

WIsent 

Bison 

Hos  prirnigonius 

T^rocbs 

Urus 

Equus  cahallus   (?sp.) 
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Fieloriiu  vulgarit 

Wl«wl 

Weasel 

Boree  vulffarU 

Shrew 

Cncetut  vulgarit 

HamBter 

Scbermaas 

arvalU 

(rem.  Fetdmaus 

Meadow 

Of  these  foreBt-living  animals  the  giant  deer  {Megaceros),  the  cave 
bear  {Vrsm  spelaus),  the  Maral  deer  {Vervus  moral),  the  giant  beaver 
(Trogontkerium)  and  the  early  Pieietoceue  species  of  horse  are  among 


Fia.  1. — InlrodurU 

Afrioui-Aslatlc.  Eiir 

the  few  forms  which  became  extinct  during  the  Glacial  and  PoetgUcial 
epochs.  The  great  majority  of  these  species  sunived  with  snccessive 
robspecific  modifications. 

It  is  8  very  remarkable  fact  that  this  true  forest  fauna  of  Europe  is 
frequently  found  in  the  same  deposits  with  the  "warm  fauna"  of  African- 
Asiatic  origin.    The  bison  and  wild  cattle  appear  in  Europe  from  early 
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Pleistocene  times,  and  in  late  Glacial  and  Postglacial  times  they  occur  as 
companions  of  the  mammoth  and  the  woolly  rhinoceros. 

Alpine  Mammals,  Cold  Fauna. — During  the  severe  conditions  of  late 
Pleistocene  times  the  Alpine  mammals  were  driven  down  into  the  plains 
or  to  the  lower  mountains  and  hills,  and  their  remains  occur  principally 
during  the  last  Glacial  advance.  They  are  represented  both  in  the  draw- 
ings and  in  the  sculptures  of  the  men  of  the  reindeer  or  cave  period. 

Ibex  priscus  Stelnbock  Primitive  ibex 

Rupicapra  tragus  Gemse  Chamois 

Ovis  argaUAdes  (Altai  Mts.)  Argaliscbaf  Argali  sheep 

Arvicola  niviUis  Schneemaus  Alpine  vole 

Lagopus  alpinus  Gebirgsschneebuhn  Ptarmigan 

Steppe  Fauna  of  Russia  and  Siberia. — Steppe  conditions  of  climate 
were  rendered  possible  in  Europe  by  the  elevation  and  extension  of  land 
much  farther  to  the  north  and  northwest  than  at  present.  At  such 
periods  all  the  tempering  influences  of  the  Atlantic  Ocean  were  cut  oflf 
from  northern  Europe  and  helped  to  give  central  Europe  a  cold,  dry  con- 
tinental climate  favorable  to  dust  storms. 

Boule,  Kobelt^*  and  Scharff^^  have  agreed  in  the  opinion  that  the  pres- 
ence of  steppe  mammals  affords  inadequate  proof  of  steppe  conditions  in 
the  country.  Other  authors  (Hilzheimer,  1913),  however,  strongly  sus- 
tain the  steppe-climate  theory.  The  evidence  for  steppe  conditions  of 
climate  has  been  strengthened  in  recent  years  by  the  discovery  of  three 
successive  loess  deposits. 

The  steppe  regions  of  eastern  Europe  around  the  Caspian  Sea  and  of 
central  Asia  still  maintain  this  highly  characteristic  steppe  faima.  The 
climate  is  usually  one  of  hot,  dry  summers  with  high  winds  and  prolonged 
cold  winters  with  sweeping  snow  storms.  The  animals  are  consequently 
very  hardy.  The  fauna  includes  the  jerboa,  suslik,  bobac  marmot,  dwarf 
pica,  hamsters,  northern  voles,  corsac  fox,  the  manul,  or  Pallas's  cat 
(Felis  manul).  Covering  the  plains  are  the  larger  grazing  animals  such 
as  the  saiga  antelopes,  wild  asses  and  wild  horses  (including  the  Equus 
przewalskii  type).  Another  animal  which  probably  belonged  to  the 
Steppe  fauna  is  the  Elasmotheriam. 

m 

Elasmotherium  sihiricum^  Elasmothere 

Equus  przewalskii  Wild  Gobi  horse 

**      hemionus  Dschlggetai  I>zeggetai,  wild  ass.  kiang 


"  KoBSLT,  W. :  Die  Verbreltung  der  Tferwelt.     Gemfisslgte  Zone.     Leipzig,  1002. 

"  SCHABrr,  R.  F. :  The  History  of  the  European  Fauna.     London,  1899. 

=«Gaudbv,  Albkbt,  and  Boclk,  MARrKU.i.v  :  Mat»»riaux  i)our  IHIstoire  des  Temps 
Quaternalres.  Trols.  Fasc.  L'Elaumotherlum.  4to.  Llbr.  F.  Savy,  pp.  83-104,  pU.  xvl- 
xU.     Paris,  1876. 
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Saiga  tartarica 
Alactaga  jaculva 
Lagofny8  pu8illu8 

Spermophilus  rufescena 

Cricetus  phcBUs 
Arciomya  hohac 
Myodes  lagurua 
Arvicola  gregalia 
Cania  coraac 
Putoriua  everamanni 
Tetrao  tetrix 


Saiga  antilope 
Gr.  Pferdespringer 
Zwergpfeifhase 

Rotliche  Ziesel 

Kl.  Steppenbamster 


Sibirlsche  Zweibelmaus 


Rirkbubn 


Saiga  auteloiie 

Jerboa 

Dwarf  pica,  or  taillesH 

hare 
Suslik,  or  poucbed 

marmot 
Steppe  hamster 
Bobac,  or  Polish  marmot 
Steppe  lemming 
Steppe  vole 
Corsac  wolf 
Steppe  weasel 
Moorhen 


Tundra  or  Barren  Ground  Fauna  and  Flora.'^ — Certain  members  of 
the  Tundra  Fauna  adapted  to  the  long  cold  winters  and  short  summers 
of  the  lands  bordering  the  Arctic  Ocean  appeared  in  Europe  at  the  height 
of  each  of  the  great  glacial  advances.  The  remains  of  these  animals  are 
always  found  within  or  close  to  the  glacial  drifts  until  the  Fourth  Olacia- 
tion  when  they  spread  all  over  France,  Germany  and  Austria.  Thus  the 
musk-ox  (Ovihos  moschatv^)  is  recorded  in  the  (?)  First  Glacial  ad- 
vance of  the  Forest  Bed  of  England.  A  tundra  fauna  including  the  rein- 
deer (Rangifer  tarandus)  is  recorded  (Forster,  1913)  with  the  Third 
Glacial  advance  (Upper  Mauer  sands).  An  extensive  Tundra  Fauna  also 
appears  with  the  Third  Glacial,  or  Riss  Stage,  in  tho  "Mammutlehm'*  of 
Cannstatt  (Koken,  Schmidt,  1912.  p.  270)  ;  this  is  termed  the  "Older 
Primigenius"  Faxma  and  occurs  on  the  ^^igh  terraces"  with  the  older 
Diluvium;  it  includes  the  woolly  mammoth,  the  rhinoceros,  the  horse  and 
the  reindeer.  The  Tundra  Fauna  reappears  toward  the  close  of  the  Third 
Interglacial  Stage  (i.  e.  "Lower  Rodent''  layer),  but  the  full  series  of 
species  characteristic  of  the  Tundra  Fauna  are  not  recorded  in  Europe 
until  the  Postglacial  Stage  {i.  e.  ^Tipper  Rodent'*  layer),  when  the  entire 
Tundra  list  given  below  is  discovered  either  mingled  with  the  culture 
remains  of  the  Neanderthal  race  of  men  in  Mousterian  times  or  is  repre- 
sented in  the  art  of  the  Cro-Magnon  men  of  the  reindeer  period.  The 
full  or  typical  Tundra  list  of  the  Fourth  Glacial  Epoch  is  as  follows : 


Elephaa  primigeriius 
Diceroa  antiquitatia 
Rangifer  tarandua 
Ovihoa  moachatua 
Lepua  variabilis 
Myodea  obenaia 


Mammut 

Wollbaarlges  Nashom 

Ren 

Mosehusoohse 

Schneebase 

Oblemming 


Mammoth 
Woolly  rhinoceros 
Barren  ground  reindeer 
Musk-ox 
Arctic  hare 

Obi  lemming,  or  Siberian 
lemming 


*  NsHBiira^  A. :  Cber  Tundren  und  Steppen  der  Jetst-   and  Vonelt,   mlt  besonderer 
Berackilchtlgang  ihrer  Fauna,  pp.  81-166.     Berlin.  1890. 
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Myodes  torquatus  Halsbandleinming  Banded  lemming 

Cania  Ingopm  Eisfuobs  Arctic  fox 

Qulo  borealia  Vielfrass  Wolverine  (glutton) 

F(ptoriu8  erminea  Gr.  Hermelin  Ermine 

Arvicola  nivalis  Arctic  vole 

Lagopua  alhua  Moorschneebuhn  Ptarmigan 

AHo  palustris  Sompfeule 

Cpgnus  musicus  Singscbwan 

Animals  like  the  banded  lemming  adapted  to  extreme  northerly  condi- 
tions generally  cling  to  these  very  obstinately  and  perish  rather  than  con- 
form to  an  altered  environment  (Nehring).  This  species  dwells  imme- 
diately to  the  north  of  the  region  of  coniferous  forests,  among  scattered 
shrubs  of  the  common  juniper  {Juniperus  communis),  the  dwarf  birch 
(Betula  nana),  the  polar  willow  {Salix  polaris)  and  the  momitain  dryas 
(Dryas  octopetala).  Thus  we  may  be  confident  that  the  lemmings  dis- 
covered in  Pleistocene  times  in  England,  France,  Belgium  and  a  large 
part  of  Germany  are  proof  of  climatic  conditions  similar  to  those  of  the 
present  circumpolar  region.  We  must  conclude  that  the  borders  of  the 
ice  caps  were  surrounded  by  tundra  or  barren  ground  conditions  at  sev- 
eral Pleistocene  stages.  The  lemmings  probably  dwelt  in  the  immediate 
neighborhood  of  the  glaciers.  The  existing  tundras  are  characterized  by 
frozen  subsoil  and  the  absence  of  trees  or  shrubs  except  along  the  river 
borders. 

The  reason  for  associating  the  woolly  mammoth  with  this  fauna  is  that 
the  mammoth  as  depicted  by  the  men  of  the  Postglacial  Stage  agrees  pre- 
cisely in  its  form,  its  proportions,  and  its  hairy  covering  with  the  mam- 
moths which  have  been  discovered  in  the  frozen  subsoil  of  northern  Si- 
beria and  are  washing  out  in  large  numbers  along  the  northern  Siberian 
and  American  coast  at  Eschholtz  Bay  and  elsewhere.  At  Thiede  near 
Braunschweig,  a  classic  locality,  the  lemming  remains  are  associated 
with  those  of  the  arctic  fox,  arctic  hare,  reindeer,  musk-ox  and  mammoth. 
Thus  the  comparison  of  certain  regions  of  Pleistocene  France  and  Ger- 
many with  arctic  Eurasia  and  the  barren  grounds  of  northern  Asia  and 
North  America  is  based  on  the  strongest  evidence. 

MIGRATION  THEORY  OF  FLORAS  AND  FAUNAS 

The  principal  contributors  to  the  theory  of  northward  and  southward 
migrations  and  to  the  succession  of  faunas  and  floras  are  Nehring  (1880- 
1896),  Woldrich  (1882-1896)  and  Penck  (1896-1909).  Such  alterna- 
tion is  held  by  Penck  to  be  demonstrated  in  Switzerland,  where  during 
the  Third  or  Riss  glaciation  the  woolly  mammoth  and  woolly  rhinoceros 
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first  appear  in  Europe,  only  to  be  succeeded  in  the  Third  Interglacial  or 
Eiss-Wiinn  Stage  by  the  reappearance  of  the  warm  African-Asiatic  fauna, 
including  the  straight-tusked  elephant  {E.  antiquus)  and  the  broad - 
nosed  rhinoceros  {D.  mercMi),  Theoretically  this  warm  fauna  was  again 
driven  out  during  the  Fourth  or  Wiirm  glaciation  by  the  reappearance  of 
the  woolly  elephant  and  the  woolly  rhinoceros.  Penck^^  observes,  as 
noted  above,  that  we  cannot  hope  to  trace  a  continuous  evolution  of  forms 
during  the  Pleistocene  because  we  are  not  dealing  with  the  development 
of  one  successive  series  in  one  locality  but  with  the  cycical  evolution  of  a 
number  of  different  faunas  compelled  to  migrate  because  of  alternations 
<^f  temperature  and  of  flora,  the  mammals  disappearing  an^l  n»tiiriiing  at 
intervals  too  brief  to  allow  of  any  marked  evolutionary  changes.  Herein 
lies  our  difficulty  when  we  attempt  to  distinguish  between  the  Tundra 
Fauna  of  the  Third  and  Fourth  glaciations  and  the  Forest  Fauna  of  the 
corresponding  interglacial  stages,  because  the  faunas  return  not  only  with 
the  same  generic  but  with  the  same  specific  types,  as  is  especially  illus- 
trated in  the  case  of  the  mammoth  {E.  jrrimigenius)  and  the  giant  <leer 
{Megaceros). 

Resident  Theory, — Another  theory  is  presented  in  the  accompanying 
table,  namely,  that  during  the  First,  Second  and  Third  Glacial  Stages 
the  climatic  conditions  of  Europe  were  temperate  except  in  the  immediate 
regions  surrounding  the  glaciers.  It  was  these  glacial  border  regions 
which  attracted  the  tundra  fauna  of  the  north,  the  reindeer  and  the 
woolly  mammoth.  Supporting  this  theory  is  the  fact  that  the  tundra  and 
steppe  fossils  are  foimd  only  in  proximity  to  the  ice  caps  and  glaciated 
regions.  It  is  not  until  the  Fourth  Glacial  Stage  and  the  Postglacial  that 
the  general  climate  of  Europe  was  so  severe  as  to  cause  the  gradual  emi- 
gration and  extinction  of  the  African- Asiatic  fauna.  At  this  stage  re- 
mains of  the  tundra  and  steppe  mammals  occur  in  all  parts  of  Europe, 
including  the  Pyrenees  and  Cantabrian  Alps,  but  only  partly  extending 
into  Spain. 

Latitude  and  Altitude, — In  considering  the  distribution  and  migration 
of  the  mammals  throughout  the  Glacial  Epoch,  we  must  constantly  keep 
in  mind  the  differences  of  latitude  and  of  climate  which  prevailed  then 
as  now  between  Italy,  Spain,  southern  and  northern  France,  Germany 
and  Belgium;  also  the  differences  of  altitude  as  lietween  the  lowlands  of 
the  rivers  Ehone  and  Dordogne  and  the  highlands  of  the  Alps  and  other 
mountains.  Italy  had  a  more  moderate  climate  than  central  Europe ;  the 
reindeer  seems  never  to  have  found  its  way  there,  yet  a  lowering  of  tem- 


**PKircK,  A.:  '*Die  alpineo  Eiszeltbildungen  und  der  prfthistorlsche  Mensch.'*     Arch. 
Anthropol..  N.  S..  Vol.  I.  No.  s.  pp.  7S  iMi.      1104. 
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perature  in  Italy  is  indicated  by  the  fact  that  the  Alpine  mammals  such 
as  the  marmot  {Arctomys  marmot ta) ,  chamois  (Rupicapra)  and  steinbok 
(Ibex)  came  down  to  the  plains.^^  The  "old  elephant"  {E,  antiquus) 
fauna  appeared  in  Italy  earlier  than  in  northern  Europe.  Similarly  the 
hippopotamus  survived  in  Italy  longer  than  in  France  and  Germany,  so 
it  is  not  surprising  to  find  its  remains  associated  with  those  of  the  broad- 
nosed  rhinoceros  {D.  merckii)  in  a  cave  near  Men  tone  on  the  French 
Eiviera  which  belongs  just  prior  to  the  Postglacial  period  of  Aurignacian 
culture  corresponding  with  the  period  immediately  succeeding  the  Fourth 
glaciation.''  Italy  was  a  forested  country  at  the  time  that  central  Europe 
was  tundra-like  or  steppe-like. 

Culture  Stages. — Under  all  these  varying  conditions  of  climate  human 
evolution  progressively  advances,  and  where  the  "species"  of  lower  mam- 
mals fail  us  the  successive  human  culture  stages  enable  us  to  sharply 
distinguish  the  intervals  of  time. 

Repetition  of  Loess  Depositions. — According  to  Wiist^*  (p.  229)  the 
First  (I)  and  Second  (II)  Glacial  and  the  First  Interglacial  Stages  (1st) 
are  represented  in  the  single  northern  (Saxonian  -|-  Scanian)  glaciation 
of  Thuringia.  The  successive  depositions  of  loess  therefore  occurred  as 
follows : 

Postglacial  Stage,  tbe  youngest  loess.    Postglacial  terraces. 
IV  (WURM)  GLACIAL  STAGE,  equivalent  to  northern  glaciation  IIL 

3rd  (Rias-Wurm)  Intcrgla<iial  Stage,  younger  loess.    The  lower  terraces 
of  the  2nd  (t.  e..  3rd  Interglacial). 
Ill   (RISS)  GLACIAL  STAGE,  equivalent  to  glaciation  II  of  the  north. 

2nd  {Mindel-Riss)  Interglacial  Stage,  older  loess.    The  higher  and  middle 
terraces  of  the  First  (t.  e.,  2nd)  Interglacial. 
I-II   (GDNZ-MINDEL)  GLACIATION,  equivalent  to  glaciation  I  of  Thuringia. 

First  Glacial  Stage — GOnz,  Scanian,  Nebraskan 

The  First  Glacial  Stage  is  believed  to  have  been  nearly  contempo- 
raneous in  Europe  and  North  America.  It  is  estimated  (Penck)  that 
the  various  ice  caps  reached  the  climjax  of  their  advance  620,000  years 
ago  and  that  the  snow  line  in  the  Alpine  Region  descended  1,200m.  lower 
than  the  present  snow  line.     In  the  north  of  Germany  and  in  Sweden 

"  IssEL.  A. :  "Llgurla  geologie  e  prelstorlca."  Ref.  by  Boale  In  L*Anthrol.,  pp.  602- 
604.     1893. 

**  Penck,  A. :  "Die  alplnen  Eiszeltblldangen  der  prftblstorlsche  Menscb."  Arch. 
Antbropol.,  N.  S..  Vol.  I,  No.  8,  pp.  78-00.     1004. 

»*  WCST,  EwALD :  "Die  plistozaDcn  Ablagerungen  des  Travortlngebletes  der  Oegend 
von  Weimar  und  ibre  Fo8Sllien1>estlinde  In  Ibrer  Bedeutung  fUr  die  Beurteilung  der  Kll- 
mascbwankungen  des  Eiszeltalters."  Zeitscbr.  f.  NaturwisRenRcb.,  Band  82,  Heft  3-5^ 
pp.  161-252.     I>elpzlg,  1910.     PubllRbpd  Mar.  1911. 
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the  deposits  of  this  glacial  advance  are  known  as  the  uld  "Diluvium"  or 
the  "Oldest  Drift;"  the  advance  is  termed  the  Scanian  by  Geikie.  In 
the  Alpine  Begion  it  has  been  termed  the  Oiinz  by  Penck  and  Briickner, 
and  the  drift  deposits  have  a  general  thickness  of  30m,  At  about  the 
same  time  a  great  ice  cap  was  formed  in  British  North  America  west  of 
Hudson  Bay  from  a  centre  known  as  Keewatin  which  sent  its  ice  sheets 
into  Iowa  and  N'ebraska.  The  resnltiug  Nebraskan  deposits,  consisting 
largely  of  compact  boulder  clays,  are  often  thickly  set  with  woody  ma- 


terial gathered  from  forests  of  spruce  and  other  coniferous  species  that 
indicate  the  development  of  a  cool  temperate  flora  in  advance  of  the 
glaciatiou." 

It  does  not  appear  that  a  glacial  cap  of  any  considerable  extent  was 
formed  in  Great  Britain  ;  but  Geikie"  shows  that  along  the  British  coast 


"The  ■bore  cotrelatloD  1b  presentf^  chief);  od  tb>  ■utboiitj'  of  Fenck  and  LcTerett 
{op.  ett..  1910), 
■OmKII,  James  1  Th*  Gr»al  Ice  Age.     2od  Eld.     LoDdoD,  1877. 
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in  Upper  Pliocene  times  cold  coaditions  began  to  manifest  themselves 
in  the  Pliocene  Red  Crag  and  continued  with  increasing  intensity  during 
the  deposition  of  the  post-Pliocene  Chilleaford  and  Weybourn  Crags, 
which  mark  a  culminating  time  in  which  the  sea  abounded  in  Arctic 
molluscs,  and  this  may  represent  the  first  glacial  stage  in  Britain. 


Pio.  1). — rrtoiHpof  Hinmninl  iltpntiln  anil  t-ultare  •laUimn  -I  llir  I'lelatiHtiit  of  Europe 
1.  Forest  Bed  of  rronicr  INortulk),  Sahl.-s  <li-  2.  St.  ITeat  n«r  Chartrei  (Burc-et- 
Lolre).  3.  Malbattu  (ruy-de-Dniui'i.  i.  I'erroLlea  <B<tu<;lieB-du-Rbfla«|.  5.  Solhllac 
nut  Puy.  Cliy  deposits  of  8.  IVirfurt  (G«rd).  7.  Cajarc  < Lal-?t-GaroDnel .  8.  Vat 
d'Amo  (Tdscaoy).  9.  LeITe  npar  ItiTKainu  (Ixinihardr),  10.  Rlidorf  near  I'olMlain 
(Braodenbarg).  Gravela  ot  11.  Sdurnborn  nvar  Weimar.  Saods  of  13.  MoBbach  tn 
Dorthern  Ba^u.  Prrab-waler  dt-pOHlis  o[  13.  Clactnn  (Kswi).  Sands  ot  Mauer  near 
li.  Heldellwrg  (wetlern  Qermanj).  IB.  rhclles  OD  (be  Marne,  near  rarls,  18.  SI. 
Acheul  (Bamme).  IT.  Uford  and  cira.vg  Tbiirrock  IBaetxi.  Lignites  oC  IB.  IXlmteii 
and  ot  UCmacti.  near  ZUrkb,  is.  Taiibacli  near  Weimar.  30.  Wlldlilrcbll  cave  on  Mont 
Slntls  (eaatera  Swltterlaod).  Tuds  of  21.  the  T1t)er  ValJv]'.  near  Home.  Caves  of  33. 
Neandertal.  near  Dllsseldorr  (wcxieru  GermaDT).  23.  S]>r.  near  Amur  (Belgluml,  SSa. 
Knplna  (Croatia).  S«.  Chapelle-aiiiKslnts  (Corr^ie).  Cam  and  aUuTlal  deposit!  of 
2G.  TernlBne  (or  Pallkao)  near  Oran  (Algeria).  36.  rolnle  Pescade,  near  Alsiem  (Al- 
ceria).  ST.  rrlnce'B  Cave  IMnoaco),  Hand.v  ctars  of  38.  VKkllnshofen  (Alsace).  S>. 
BaaUeld  (Saie-UelnlngeO.  TrarerllDen.  etr..  of  30.  Cera.  Jena  (Saie-Welmar).  31. 
Leipils  (Saionf).  S3.  Hotutr«,  norlb  of  LyonM.  Uww  of  33.  Wllnlmrg  (Bavaria).  3*. 
Thiede  near  BrauoscbwelB  (Prussia).  Cave  of  3S,  Monlmniirln  (UBuie-Oaranne),  38. 
Chateauneuf-eur-Cba rente  (Cbarenle).  I'avex  i>r  37.  Srhwelzenililld  m-ar  SchalThaiiKen, 
and  Kesslerloch  near  TtiBJ-ngen  (northern  Swllierl«ndl,  KenialnH  of  lake  dwellings  »t 
38.  Wauwyl  (Lucerne),  33.  Itobrnhausen,  noulb  of  l..ake  pnmkon.  ID.  Cuadae  on  Lake 
.Neiii:liitel  (Switzerland).  Peatbogs  of  41.  lUsHleben,  near  Wt'lniar,  Traverdnes  of  48. 
LaiiKensalsa  (Erfurt)  In  central  'Jennanj.  Cavei  of  the  43.  Island  ot  Malta,  44.  lalanil 
Ot  Crete,  4S.  Uland  of  Crproa. 
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First  Interglacial  Staoe — Xorfolkian,  Aftonian,  Gunz-Mindel 

Immediately  after  the  deposition  of  the  Weybourn  Crag  in  Essex  there 
is  evidence  of  a  climatic  reaction  because  the  overlying  deposits,  botli 
estuarine  and  fluviatile,  of  the  so-called  Forest  Bed  of  Cromer  (Norfolk) 
contain  a  flora  and  mamlmalian  fauna  of  warm  temperate  type  which 
contrast  strongly  with  the  assemblage  of  the  northern  and  Arctic  mol- 
luscs in  the  subjacent  deposits  of  the  Red,  Chillesford  and  Weybourn 
Crags.  From  this  classic  locality  of  Norfolk  the  First  Interglacial  Stage 
has  derived  its  designation  Norfolkian.  It  is  also  known  as  the  Cro- 
merian. 

The  first  cold  period  or  glacial  advance  was  succeeded  both  in  Europe 
and  America  by  climatic  conditions  milder  than  the  present.  In  the 
Alpine  region  Penck  and  Briickner  have  found  evidences  of  a  long 
Giinz-Mindel  interval  of  time,  estimated  relatively  at  100,000  years, 
which  separates  the  climax  of  the  first  or  Giinz  glaciation  from  the  sec- 
ond or  Mindel,  but  they  believe  that  this  First  Interglacial  Stage  was 
much  shorter  than  the  Second  Interglacial.  Owing  to  the  warmth  of 
the  climate  the  snow  line  of  the  Alps  is  believed  to  have  risen  300m. 
higher  than  at  the  present  time.  The  deposits  of  this  stage  include  the 
Paludinenhanlc  of  northern  Germany ;  these  fresh -water  deposits  near 
Berlin  are  of  true  interglacial  time,  since  they  lie  between  the  deposits  of 
two  Glacial  advances.  The  most  abundant  species,  Paludina  aUuviana, 
has  its  present  habitat  far  to  the  south  on  the  borders  of  the  Black  Sea. 
In  general  the  other  fresh-water  and  land  molluscs  belong  to  modern 
species  common  to  the  same  region  to-day,  indicating  that  climatic  condi- 
tions were  not  greatly  dissimilar  from  the  present.  The  plant  remains 
include  the  mosses  and  conifers,  also  indicating  a  climate  similar  to  the 
present,  but  then*  probably  do  not  afford  evidence  of  the  higher  ranges 
of  temperature  which  may  have  occurred  at  other  times  and  places  during 
this  First  Interglacial  Period.  In  America  the  deposits  of  this  First 
Interglacial  Stage,  known  as  the  Afionian,  are  widely  distributed  and 
yield  a  rich  mammalian  as  well  as  a  land  molluscan  fauna  and  abundant 
plant  remains  which  generally  indicate  a  temperate  to  warm  climate. 

HUMID  FOREST   CONDITIONS 

A  striking  cliaracteristic  of  this  interglacial  stage  is  the  evidence  of 
prolonged  humid  conditions  of  climate  and  abundant  forestation  favor- 
able to  forest-living  niammals.  There  is  no  evidence  either  in  the  north 
of  Germany  or  in  tlii»  northern  FuittMl  States  of  loess  deposits  such  as 
occur  during  the  Second  and  Third  Interglacial  Stages  and  are  believed 
to  be  due  to  recurrent  arid  conditions  and  dust  storms. 
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FLORA  OP  THE  FIB8T  INTERGLACIAL   PEKIOD 

In  the  "Forest  Bed  of  Cromer'^  on  the  eastern  coast  of  England  the 
arrival  of  Abies  is  significant  because  although  known  in  Miocene  times 
in  the  Arctic  region  of  Grinnell  Land  this  is  the  first  appearance  of  the 
fir  tree  in  central  Europe ;  the  fir  is  also  found  in  the  interglacial  lignites 
of  Switzerland  and  has  since  constituted  an  important  member  of  the 
European  forests.  Including  the  fir,  all  the  trees  composing  the  forests 
in  the  region  of  Norfolk  belong  to  living  species,  such  as  the  maple,  elm, 
birch,  willow,  alder,  oak,  beech,  pine,  spruce,  still  indigenous  to  this  re- 
gion, latitude  52°  40'  N.  A  notable  fact  in  examining  this  flora  of  the 
Norfolk  and  Suffolk  coasts  of  England  is  its  correspondence  with  the 
modem  flora  in  spite  of  the  immense  period  of  time  that  has  elapsed  and 
the  great  changes  in  climate  during  which  all  these  plants  were  driven 
to  the  south  and  again  permitted  to  return.  "However,"  continues 
Reid,^^  "though  very  similar,  we  find  in  the  fossil  flora  several  exotic 
species  which  give  it  a  slightly  different  character  and  we  notice  also  the 
absence  of  several  modern  forms.'*  From  this  tree  flora  Reid  concludes 
that  the  climate  of  southeastern  England  was  nearly  the  same  as  at  pres- 
ent, but  slightly  warmer. 

The  flora  of  Durfort  (Gard)  in  southern  France  is  associated  with  re- 
mains of  the  southern  elephant  (E.  meridionalis) ,  the  etruscan  rhinoce- 
ros (7^.  eint^scus)  and  the  Pliocene  horse  (Equus  stenonis).^^  It  in- 
cludes numerous  plants  of  species  now  represented  in  the  Caucasus,  Per- 
sia, southern  Italy,  Portugal  and  Japan.  Again,  in  the  interglacial  for- 
ests of  Moret  (Seine  valley)  we  find  the  fig  (Ficus)  and  the  Judas  tree 
(Cercis),  indicating  a  mild  temperature.  The  tree  flora  of  France  like 
that  of  Norfolk  thus  indicates  somewhat  warmer  conditions  of  tempera- 
ture than  prevail  at  the  present  time,  a  temperature  of  4°  of  latitude  to 
the  south. 

MAMMALS    OF    THE    FIRST   INTERGLACIAL   STAGE 

For  our  knowledge  of  the  mammalian  life  of  the  Forest  Bed  of  Nor- 
folk and  contemporaneous  deposits  of  France  we  are  indebted  principally 
to  Dawkins  (1880,  1883),  Newton  (1880),  Oaudry  (1893),  Boule 
(1902),  and  Pohlig  (1907).  Dawkins  many  years  ago  (1883,  p.  579) 
estimated  the  ratio  of  living,  extinct  and  newly  arriving  mammals  in  the 
Forest  Bed  as  follows: 


«  Rrii».  C,  and  Rbid,  B.  M.  :  "The  Pre-Glacial   Flora  of  Britain."  Jour.   Linn.   See, 
Botany.  Vol.  xxxvlli.  pp.  206-227.     Jan.,  ir08. 

«  Oaipry.  a.  :  L'£16phant  de  Durfort.     Parle,  1893. 
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Survivals  from  tbe  Pliocene 11  species 

Newcomers,  forms  now  extinct 6 

Newcomers,  forms  still  living 21 


The  specific  determinations  of  many  of  these  animals  are  based  upon 
very  incomplete  materials  and  await  careful  revision;  and  upon  this 
closer  study  will  depend  also  the  correlations  between  the  various  First 
Interglacial  faunae  of  Great  Britain  and  the  continent.  From  our  pres- 
ent knowledge  the  following  faunistic  correlation  may  be  made : 

Northern  Life.     Forest  Bed  of  Cromer,  Norfolk,  England  (Fig.  9,  1),  typical 

of  the  northern  life. 
Sables  de  St.  Prest  (Eure-et-Loire),  France,  (2)  typical  of  tbe 

central  life  of  France. 
Malbattu  (Puy-de-DCme),  France,   (3)  typical  of  the  central 

life  of  France. 
Southern  Life.    Peyrolles    (Boucbes-du-Rb6ne),   France,    (4)    typical   of   tbe 

southern  life  of  France. 
Solilbac,  near  Pay,  southern  France,  (5)  typical  of  tbe  south- 
em  life. 
Durfort  (Gard),  southern  France,  (6)  typical  of  tbe  southern 

life. 
Cajarc,  Lot-et-Garonne,  (7)  typical  of  the  southern  life. 
Val  d'Arno  (upper,  or  Pleistocene  deposits);  northern  Italy, 

(8)  typical  of  the  southern  life  of  Europe. 

Extinctions, — The  survival  of  a  number  of  Pliocene  mammals  into 
this  period  has  led  certain  palaeontologists,  such  as  Boule,  to  place  the 
First  Interglacial  fauna  and  the  Glacial  stage  which  preceded  it  in  the 
Pliocene  rather  than  in  the  Pleistocene  Epoch.  The  true  Upper  Plio- 
cene fauna,  however,  is  characterized  by  a  number  of  distinctively  Plio- 
cene mammals,  especially  the  primjates,  mastodons,  antelopes,  gazelles 
and  tapirs.  None  of  these  animals  have  been  found  in  the  Pleistocene  of 
Europe ;  all  had  become  extinct. 

Survivals. — This  First  Interglacial  fauna  does  include,  however,  a 
number  of  survivals  from  the  Pliocene,  such  as  the  sabre-tooth  cats 
(MachcprodiLs)  y  the  polycladine  deer  ((7.  sedgwicki),  the  more  primitive 
dicerorhine  rhinoceros  with  brachyodont  teeth  {D,  etruscits),  the  primi- 
tive Upper  Pliocene  horse  {Equus  stenonis),  the  southern  elephants  (E. 
meridionalis) ,  the  hippopotami,  the  roedeer  {Capreolus  capreolus)\  the 
giant  beaver  (Trof/onfhenum),  the  Auvergne  bear  (Urstts  arvemensis), 
the  wild  cattle  (Leptobos) . 

It  is  noteworthy  that  Pohlig  considers  the  E.  meridionalis  of  this  stage 
to  be  of  more  recent  type  than  the  true  Pliocene  type  of  Italy  described 
by  Nesti;  hence  he  terms  it  E.  (meridionalis)   trogontherii.     It  is  also 
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noteworthy  that  tlie  polycladine  deer  (Cervus  sedgwicki)  do  not  reappear 
in  any  of  the  subsequent  Pleistocene  formations  of  Europe. 

Arrivals. — Among  the  new  arrivals  in  the  Forest  Bed  of  Norfolk  are 
the  earliest  members  of  the  giant  deer  race  (Megaceros)  which  contiaues 
iuto  Middle  Pleistocene  times  in  Europe.  We  also  note  in  the  Forest 
Bed  the  presence  of  a  form  (Caprovis)  intermediate  between  the  goat 
and  the  sheep,  as  the  name  indicates,  and  most  closely  resembling  the 
moufflon  of  Sardinia.     Among  the  rodents  the  large  beaver  Trogontlie- 


Irlab  peat  bogs.     Alter  orlgliial  bj  Charles  B.  Knlgbt  In 
thf  Anierlcau  Museum  ot  Natural  HlHtory. 

rium  cuvwri  succeeds  the  smaller  ancestral  species  {T.  minus)  first  ob- 
.served  in  the  Pliocene  of  the  Red  Crag.  The  giant  hippopotamus  {H. 
major)  is  certainly  recorded  in  this  region  of  Great  Britain  as  well  as  to 
the  south  in  Italy. 

Among  the  proofs  of  a  northerly  climate  is  the  first  occurrence  of  the 
Fmisk-()x  (OWftws),  whicli  is  attribiitctt-hv  l»awkins"'  to  the  Forest  Bed 
deposits. 

"  Dawkins,  W.  Boi'D :  "On  ttie  AUeged  EilBlence 
Ik.iL  and  oQ  lu  Itauci'  in  H|iat:e  and  Time."  Quart. 
]i|i.  S76-9T9.     1883. 
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Among  the  animals  attributed  by  Dawkins  to  the  Forest  Bed  fauna 
which  Newton*®  considers  of  doubtful  reference  are  the  hyaena,  the  true 
cattle  {Bos  primigenius) ,  the  red  deer  {Cervus  elaphus),  the  moose 
(Alces  latifroTis)  and  the  giant  deer  (Megaceros).  These  animals  are, 
however,  certainly  recorded  in  France  (Cajarc)  with  the  exception  of  the 
moose  (Alces). 

The  presence  of  deer  (Cervidae)  in  great  numbers  and  representing 
many  different  phyla  is  one  of  the  mtost  distinctive  features  of  First  In- 
terglacial  times.  There  existed  numerous  and  varied  forms  of  deer  life 
both  in  Great  Britain  and  southern  and  western  Europe,  attesting  the 
presence  of  forests.  They  belong  te  several,  probably  to  as  many  as  five 
distinct  phyla.  Among  these  the  polycladine,  or  "many-branched*^  deer 
so  distinctive  of  the  Upper  Pliocene  of  the  Val  d^Arno  now  make  their 
lapt  appearance  in  Europe  as  Sedgwick^s  deer  (C  sedgwicH)  of  the  For- 
est Bed,  with  remarkably  complex  antlers  closer  to  the  C.  dicranius  of 
the  Val  d'Arno.  A  second  Pliocene  European  phylum  is  that  of  the  roe- 
deer  (C.  capreolus).  A  third  phylum,  numerous  and  highly  diversified, 
is  that  of  the  giant  deer  (Megaceros)  which  is  represented  by  a  variety 
of  species  (M.  verticomi^,  M.  fitchii,  M.  dawkinsi).  There  is  some  doubt 
whether  the  true  '^deer  of  the  Carnutes**  (C.  camutorum) -  occmts  here. 
As  above  noted  Newton  is  uncertain  whether  the  stag  (C.  elaphus)  has 
been  truly  recorded  in  the  Forest  Bed.  Neither  the  true  fallow  deer 
(Cervus  dama)  nor  the  reindeer  (Rangifer  iarandus)  lias  been  recorded 
there. 

This  Forest  Bed  fauna  as  a  whole  is  an  outlier  of  the  Asiatic-African 
group  with  a  strong  northerly  Eurasiatic  forest  element  intermingled. 
We  observe  that  browsing,  forest-living  and  fluviatile  types  predominate. 
Among  the  forest-frequenting  carnivores  are  the  wolverine  (Gulo),  the 
otter  (Lutra),  two  kinds  of  bear  (Ursu^),  the  wolf  (Canis),  the  fox 
(Vulpes),  the  marten  (Mustela)  and  a  true  feline  (Felis)  in  addition 
te  numerous  representatives  of  the  sabre-tooth  tigers  (Machcerodus) , 
All  the  above  are  true  Eurasiatic  forest  types  from  north-temperate  lati- 
tudes. Among  the  forest-living  browsers  also  is  a  large  boar  related  to 
Siis  scrofa,  the  primitive  browsing  rhinoceros  (Bicerorhinus  etruscus) 
with  short-crowned  teeth,  while  in  the  rivers  disported  the  giant  hippo- 
potamus (H.  major).  Among  the  grazing  and  meadow-living  forms 
Bos  or  Lepiohos  is  represented  in  the  Forest  Bed.  There  are  also  two 
species  of  horses  including  a  lighter  form  resembling  the  E.  stenonis 

*•  Newton.  E.  T.  :  "Notes  on  the  Vertebrata  of  the  Tre-Glaclal  Forest  Bed  Series  of 
the  KaHt  of  EnRland."  Geol.  Map..  Vol.  vll.  Pt.  I.  Carnlvora.  pp.  ir»2-15fS.  Pt.  II,  Car- 
nlvora.  pp.  424  427.  Tt.  Ill,  rnpiilnta,  pp.  4  47  4.VJ.  PI.   xv.      1Sk<». 
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cocchi  of  the  Val  d'Arno,  and  a  heavier  type  of  horse,  probably  forest- 
living. 

Cool  estuarine  conditions  are  represented  by  the  presence  of  the  walrus 
{Trichecodon) ,  the  seal  (Phoca)  and  the  cormorant  (Phalaerocorax) . 

The  chief  members  of  the  mammalian  assemblage  of  the  First  Inter- 
glacial  Stage  in  Britain  and  France  are  as  follows : 


Southern  elephants 

K,  nieridionalis  (trogontherii) 
Dioerorhlne  rhinoceroses 

/).  €trU8CU9 

Primitive  horses 

E.  stenonis,  E.  cahallus  fossilis  f 
Hippopotami 

H.  major 
Polycladlne  deer 

G.  sedgwicki 
Roe  deer 

O.  capreolus 
Giant  deer,  Megaceros 

M.  dawkinai,  M.  verticomia 
Primitive  cattle 

Boa  primigeniua 
Giant  beaver 

Trftgontherium  cuvieri 
Sabre  tooth  cats 

McLcJurrodua  f  cultridena 
Wolverines  or  gluttons  (In  Great 
Britain) 

Oulo  luacua 
Bear  of  the  Uraua  arctoa  type 
Otters  and  martens 
Wolves  and  foxes 
Walrus  (in  Great  Britain) 

Trichecodon  huxleyi 

(In  Italy  only) 
Straight-tusked  mammoths 
E.  antiquua 

(In  France) 
Bison 

Biaon  fpriacua 
Stag 

Cervua  elaphua 

mus  (H.  major),  the  giant  beaver 
the  first  remains  attributed  to  the 


FIRST  INTERGLACIAL  OF  FRANCE 

The  Lower  Pleistocene  deposits  of 
France,  which  are  approximately  of 
the  same  age  as  the  Forest  Bed  (Nor- 
folk), are  those  of  St.  Prest  (near 
Chartres),  of  Durfort  (Gard),  of 
Solilhac  (near  Puy)  and  the  re- 
cently discovered  phosphorite  de- 
posits of  Cajarc  (Lot-et-Garonne) 
(Fig.  9,  7).  All  these  beds  are  con- 
sidered by  Boule  as  of  Upper  Plio- 
cene age;  they  are  placed  in  the 
transition  period  between  Pliocene 
and  Pleistocene  times  by  Harle  and 
Stehlin*^  as  well  as  by  Dep6ret  (St. 
Prestien). 

We  are  disposed  to  consider  all 
these  deposits  of  approximately  the 
same  age  as  the  Forest  Bed,  namely. 
Early  Pleistocene.  In  none  of  them 
have  remains  of  primates,  masto- 
dons, tapirs*  or  other  characteristic 
Upper  Pliocene  mammals  been 
found.  On  the  other  hand,  these 
beds  contain  several  forms  surviving 
from  the  Pliocene,  such  as  the  south- 
ern mammoth  (E.  meridionalis) , 
the  etruscan  rhinoceros  (D.  etrus- 
cms),  a  primitive  species  of  horse 
(E.  stenonis)y  the  giant  hippopota- 
(Trogontherium) ,  In  France  occur 
bison  (B.  priscus).    In  Durfort  was 


^Habl£,  E..  and  Stehlix,  H.  G.  :  "Une  Nouvelle  Faune  de   Mammifftres  des  Phos- 
phorites du  Quercy."  [Cajarc]     Bull.  Soc.  0«sol.  France,  Ser.  4.  Vol.  IX,  pp.  39-52.    1909. 
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obtained  the  skeleton  of  the  southern  mammoth  described  by  Gaudry.** 
The  giant  deer  (Uegaceros)  are  represented  at  St.  Prest  by  the  specieB 
C.  camuforum,  or  "deer  of  the  Camutes." 

The  most  recently  discovered  fauna  of  this  age  is  that  of  Cajarc  in  the 
northern  part  of  the  Bhone  basin.    Harle  and  Stehlin  consider  the  Cajarc 
fauna  as  transitional  between  that  of  St.  Prest  and  Durfort  and  that  of 
Montmaurin  which  we  attribute  to  Secontl  Interglacial  times.    The  mam- 
moth (E.  meridionalii)  is  of  a  more  recent  type  than  the  Upper  Pliocene 
form  of  Italy.    The  bison  ia  a  very 
large  animal.    Especially  important 
is  the  fact  that  these  authors  posi- 
tively identify  here  remains  of  deer 
■which  are  related  to  the  stag  or  red 
deer  of  Europe  (Cervus  elaphus), 
leaving  the  species  doubtful.  There 
is  also  at  Cajarc  a  large   badger 
{Meles  taxus)  which  is  character- 
istic of  early  Pleistocene  times,  and 
a   small   wolf    {Canis)    no   larger 
than  the  jackal.     There  is  also  a 
small  species  of  aabre-tooth  tiger 
{liachwrodus ) . 

Southern  Elephant  (E lephas 
meridionalis) . — The  "southern  ele- 
phant" is  Faulkner's  "pre-Glaclal 
variety  of  the  mammoth."  It  be- 
longs to  the  same  general  group  as 
the  other  mammoths  (E.  trogon- 
therii,  E.  primigenius)  and  the 
Columbian  mammoth  {E.  colum- 
bi)  of  America.  The  southern  ele- 
phant of  First  Interglacial  times 
belongs  to  a  somewhat  more  advanced  type  than  that  of  the  Upper  Plio- 
cene of  the  Val  d'Arno ;  the  Forest  Bed  specimens  are,  in  fact,  attributed 
by  Pohlig"  to  his  species  E.  trogontherii.  This  mammoth  series  is  dia- 
tinguished  both  from  the  African  (Loxodonta)  and  the  Indian  {Euele- 
pkas)  elephants  by  the  peculiarly  flattened  and  concave  forehead  and  the 
high,  peaked  cranium.  It  is  probably  descended  from  E.  planifrons  of 
the  Pliocene  and  in  tooth  and  skull  structure  it  resembles  the  E.  hygu- 

oQAtTDiT,  A.:  L'^iepliaat  de  Durlort.     CarU.  1B8S. 

■FoHLia.  H. :  "Uber  Elepliai    trogontherii   Id   EDglsnd."      Uoaatibcr.    DeutwUi.   OmL 
0«^  Tol.  SI.  No.  S,  pp    !4!-a49.      1909. 


(1)  BItphat  primlgei%tu4. 
lit   Etepliot  antlguut. 
IX)   Elephat  intridionnllt. 
After  La  net. 
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dricus  of  the  Upper  Pliocene  Siwaliks  of  India.  ThuG  two  dietuict  stages 
of  the  southern  mammoth  are  known,  the  more  primitive,  occurring  at 
the  close  of  the  Tertiary  in  the  Pliocene  of  the  Val  d'Amo,  distinguished 
by  very  low,  broad  grinding  teeth  with  thick  enamel,  the  other  more  pn>- 
greasive  stage,  occurring  in  the  Forest  Bed,  at  Durfort,  and  in  the  Pleis- 
tocene deposits  of  the  Val  d'Arno,  and  distinguished  by  dental  plates  of 
thinner  enamel.  The  latter  is  said  to  be  the  tiriginal  type  of  Kesti,  who 
founded  the  species,  but  the  matter  of  specific  type  requires  investigation. 


Kio.  12.— SJieJelon  uf  Etetihai  merlilionallt  «!  Durfort 

Gallfry  of  I'lilii-e.nloloKj-  In  the  Muwum  rt'HUiolrf  Naim*Hp.  .rnrdLn  6e»  I'Ibdi.'s.  rarlg. 

Alter  Gaudry. 

The  southern  elephant  is  best  known  from  the  magnificent  specimen 
found  at  Durfort  and  mounted  under  the  direction  of  Gaudry  in  the 
Paris  Museum.  The  height  at  the  shoulders  is  3.83  m.,  or  12  ft.,  9-1/5 
in.  This  animal  was  much  taller  than  the  true  mammoth  (E.  primi- 
ffctiitis)  which  first  appears  chiefly  in  the  Third  C.laciHl  Stage.  The  tusks 
were  shorter  and  less  bent.  We  may  infer  from  its  original  warm-tem- 
perate habitat  that  it  was  partially  hairy  but  not  covered  with  wool  like 
E.  primigenius. 

The  following  table  of  comparison  of  the  relative  heights  of  the  great 
Pleistocene  ^nd  recent  elephants  is  based  so  far  as  the  extinct  fonns  are 
conc«rne<l  on  a  series  of  approximations  because  it  is  very  difficult  to 
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estimate  the  height  of  these  animals  from  the  skeleton.  In  almost  all 
cases  of  mounting  these  animals  in  museums  the  tips  of  the  dorsal  spines 
are  unduly  elevated  above  the  superior  spine  of  the  scapula,  which  gives 
an  exaggerated  estimate  of  the  height. 

General  estimated  height  at 
Hhoulder 

/ ^  \ 

English  measure         Meters 

E.  imperator,  tbe  imperial  nmininotb  of  Nortb  Americn. 

lower  Pleistocene 13'  6"-14'  4.2672 

The  straijErht-tusked  elephant.   E.   antiquus   of   Eiiroi)e. 

( ?)  estimated  (Pohlig,  Pilgrim)  at 15'-16'  4.8768 

The  southern  elephant  of  Europe,  E.  meridionalis 12'  9"  3.8862 

The  largest  living  African  elephant,  L.  africanus 11'  S"-!!'  4"  3.4544 

The  CJolumblan  mammoth  of  North  America,  E.  columlH.    ^-IV  3.3528 

The  Indian  elephant  of  Asia.  E.  hidicus 9'  KK'-Ky  3.048 

The  true,  or  northern  mammoth,  E.  primigenius  (teste 

Lucas)    9'  6"-10'  6"  3.2004 

The  living  pigmy  elephant  of  the  Congo,  L.  cyclotis 

pumilio  (teste  Hornaday) 4'  5"  1.3462 

The  dwarfed  elephant  of  Crete  (E.  antiquum  creticiis), 

Malta  (E,  antiquus  melitensis)  and  Cyprus 5'  1.524 

The  American  mastodon.  Mastodon  americanus 9^  6"  2.8956 

Hippopotami. — The  hippopotamus  is  the  invariable  companion  of  the 
southern  elephant  and  later  of  the  Elephas  trogontherii;  it  survived  even 
in  northern  Europe  until  the  middle  of  the  Third  Interglacial  Stage. 
Outside  of  Asia  the  oldest  hippopotamus  remains  known  are  from  the 
Lower  Pliocene  of  Gravitelli  in  Sicily;**  it  is  compared  by  Seguenza 
(1902)  with  the  H,  sivalensis  of  India  but  is  clearly  distinct  from  this 
species.  The  H.  hipponensis  of  Gaudry  is  confined  to  the  Middle  Plio- 
cene of  North  Africa  and  throws  no  light  on  the  phylogeny  of  the  hippo- 
potami. These  animals  appear  in  the  Lower  Pliocene  of  India  and  of 
Sicily  and  in  the  closing  Pliocene  of  Italy,  India,  and  North  Africa  and 
perhaps  China;  in  the  Quaternary  they  spread  into  Java,  India,  Mada- 
gascar, Africa  from  north  to  south,  the  Mediterranean  Islands,  and  from 
Spain  and  Italy  on  the  south  to  England  and  west  Germany  on  the  north. 
Until  additional  data  are  secured  it  is  difficult  to  decide  whether  this 
family  originated  in  Africa  (Stehlin,  1899)  or  in  Asia  (Schlosser,  1903). 

S<ibre  Tooths, — Stromer*^  has  recently  traced  the  history  of  the  ma- 
chaerodonts  in  north  Africa,  Asia  and  Europe.    A  form  closely  similar  to 

M  Stbgmeb^  Ebnst  :  "Mitteilungen  t^ber  Wirbeltierreste  aus  dem  Mittelpliocftn  des 
Natrontales  (Xgypten).  3.  Artiodactyla :  Bunodontla :  Flusspferd."  Zeits.  d.  Deutscb. 
Oeolog.  Ges.,  Band  66.  Abbandl.,  Heft  1,  pp.  1-33.     1914. 

**  Stbomes,  Ernst  :  "Mitteilungen  t>ber  Wirbeltierreste  aus  dem  Mittelpliocftn  des 
Natrontales  (Xgypten)."  Zeltschr.  d.  DeutBch.  Geologlncb.  Gesellschaft.  Band  6ft,  Ab- 
bandl., Heft  3.  pp.  35<»-372.     1013. 
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M.  aphanistus  Kaup  is  the  first  known  member  of  the  sub-family  to  be 
discovered  in  Africa.  He  observes  that  the  hyaenas  and  otters  (Lutra)^ 
the  seals  (Pristiphoca) ,  and  sabre  tooths  {Machcerodus)  speak  strongly 
for  a  connection  between  North  Africa  (Egypt),  Asia  and  Pliocene  Eu- 
rope. The  sabre-tooth  survives  into  the  First,  Second,  and  possibly  into 
the  Third  Interglacial  Stage  (see  note  on  Chellean  culture). 

Moose  {Alces), — The  earliest  representative  of  the  moose**  is  the  Alces 
latifrons  Dawkins  from  the  Forest  Bed  of  Cromer.  It  also  occurs  in  the 
sands  of  Mosbach  and  of  Mauer  (Second  Interglacial)  and  in  the  sands 
underlying  the  lower  travertine  layers  of  Taubach  (Third  Interglacial), 
always  distinguished  by  the  relatively  simple  palmation  of  its  antlers 
from  the  existing  A.  machlis.  The  animal  is  also  recorded  in  the  Third 
Interglacial  layer  of  Bixdorf  and  it  survived  in  Germany  into  post-Neo- 
lithic times. 

PROBLEMATIC  EVIDENCE  OF  MAN 

Saint-Prest  is  the  most  ancient  Lower  Pleistocene  deposit  in  the  basin 
of  Paris.*^  Coarse  sands  and  gravels  form  part  of  the  'Tiigh  terrace*' 
SOm.  above  the  present  level  of  the  river  Eure  and  contain  a  First  Inter- 
glacial faima  of  Elephas  meridionaiis  and  Equus  stenonis  as  well  as  the 
^'eoliths'*  known  as  Reutelien.  This  constitutes  the  Saint-Prestien  stage 
of  Dep6ret. 

The  locality  of  Saint-Prest  is  famous  because  in  1863  Desnoyer  first  re- 
ported the  discovery  of  a  number  of  bones  with  incision  lines  which  he 
considered  to  be  the  work  of  man.  These  deposits  were  at  the  time  re- 
garded as  Pliocene  and  gave  rise  to  the  theory  of  the  occurrence  of  man 
in  Pliocene  times.  The  human  origin  of  these  incisions  has  long  been  a 
matter  of  dispute  and  is  still  doubtful.  The  associated  fauna  at  Saint- 
Prest  includes  the  southern  elephant,  the  etruscan  rhinoceros,  the  hippo- 
potamuSy  the  giant  beaver,  three  species  of  beaver  and  one  of  the  bison. 
There  is  thus  little  doubt  that  this  deposit  is  of  First  Interglacial  age. 
Supposed  confirmation  of  Desnoyer's  discovery  was  the  alleged  finding 
by  Abbott  of  several  worked  flints,  two  in  situ,  in  the  Cromer  Forest  Bed. 

This  question  has  become  more  or  less  identified  with  the  eolithic 
theory  which  postulates  a  long  stage  of  the  artificial  use  of  flints  antece- 
dent to  the  pre-Chellean  and  Chellean  Stages,  which  are  here  considered 
as  belonging  in  the  Third  Glacial  Stage,  althoiiorh  some  authors  place  the 
pre-Chellean  in  the  First  Interglacial  Stage. 

^  DiiTKiCH,  W.  O. :  **Neue  fOMlle  Cenrldenroste  aus  Schwaben,"  Jahreshefte  des 
Vereini  f.  ▼atcrlftndliche  Naturkunde.  Jahrg.  66,  pp.  320-336.     1910. 

«»Hauo,  £milb:  •Timltfi  de  G6ologie.  II.  Les  Ptfrlodes  g^loglques,"  p.  1807.  LIbr. 
Armand  Colin,  Paris.  1908-1011. 
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Eolitkic  Theory." — Following  Deenoyer's  discovery  in  1863  was  that 
ot  L'Abb6  Bourgeois  in  1867,  who  found  in  the  Miocene  of  Thenay, 
Loire-et-Cher,  flints  supposed  to  be  the  work  of  man.  In  1877  Rames 
Urouplit  to  notice  flints  from,  the  Upper  Miocene  volcanic  ash  beds  of 
Puy-Cournay.  Cantal,  in  central  France.  In  1893  Brown  proposed  the 
term  "eoliths"  to  distingmsh  these  supposedly  primitive  artifacts  from 
the  "palieoliths"  of  Lubbock  (Fig.  13).  The  Belgian  geologist  Rutot 
has  devoted  many  years  to  the  development  of  the  eolithic  theory  and  haa 


A  Eolith,  MalDeaa  Epocb.  Belstum.  B  raJeotltb.  CbellciD  Epucb.  Mllion  HItwr, 
Kent,  EDgland.  O  MMlltb,  Upper  Rotwnhanalin  Bpocb.  Ollle  Lclc.  Dcomark.  Pbolo- 
Cnph  bj  UacCurd;,  1»09. 

Attempted  to  prove  that  like  the  Fakeolitbic  the  Eolithic  period  is  capable 
of  subdivision  into  a  number  of  slages  or  industries^  rfhich  an-  geolog- 
ically demonstrable. 

The  supposed  eolithic  flintji  are  very  rough,  but  rude  as  they  are  they 
generally  exhibit  one  part  shaped  &)■  if  to  be  grasped  by  the  hand  while 
the  other  part  appears  to  be  e<]god  -ir  p'jinted  for  cutting.**     It  is  gener- 

* SlicCoDi,  G.  G. :  "The  Eolithic  Tr 
tat  tlie  Paleolltbtc"  Amer.  ADlbrapot.. 
1M». 

"  P«sci,  A. ;  ■Tbe  Aotlquitj  ot  Mat 
Feb.  1,  1W9.     Abitr.  Science.  N.  M..  \"l 
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ally  admitted  that  these  flints  are  mostly  of  accidental  shapes  and  show 
little  or  no  proof  of  being  fashioned  by  human  hands.  The  chief  diffi- 
culty in  the  eolithic  theory  is  that  flints  of  a  similar  character  occur  in 
deposits  of  Upper  Oligocene  age  (Kutot)  and  may  even  be  found  in  de- 
posits of  Lower  Eocene  age  (Breuil).  The  leading  French  archaeolo- 
gists, Cartailhac,  Breuil,  Obermaier,  Boule,  accordingly  reject  the 
eolithic  theory  entirely.  Breuil  considers  that  the  various  eolithic  shapes 
are  entirely  accidental  products  due  to  pressure  of  closely  compacted 
flints.  Boule  observes :°®  "As  to  the  'eoliths*  I  have  combatted  the  the- 
ory not  only  because  it  seems  to  me  improbable,  but  because  a  long 
geological  experience  has  shown  me  that  it  is  often  impossible  to  distin- 
guish stones  split,  cut  or  ^retouched'  by  purely  physical  agents  from, 
certain  products  of  rudimientar}'  workmanship." 

It  does  not  appear  that  the  eolithic  theory  has  been  strengthened  in 
recent  years.  If  eoliths  are  to  be  regarded  as  human  artifacts  the  an- 
tiquity of  man  or  of  a  prehuman  type  given  to  shaping  stone  implements 
would  be  vastly  increased.  It  is  probable  that  the  ancestors  of  early 
man  possessed  grasping  power  of  the  hand.  The  only  known  Miocene 
and  Pliocene  primate  of  Europe  which  might  be  considered  as  an  eolith- 
maker  or  eolith-user  is  Dryopithecus;  all  the  other  known  pre-Pleistocene 
primates  belong  to  some  one  of  the  existing  phyla  of  monkeys,  baboons, 
or  apes. 

Fiihecanthropus  erect  us. — Of  late  Pliocene  or  early  Pleistocene  age  is 
the  Fit hecanthr aims  erect  us  of  Trinil,  Java,  discovered  by  the  Dutch 
army  surgeon  Eugen  Dubois  in  the  year  1891.  The  remains  were  re- 
corded by  Dubois  as  of  Upper  Pliocene  age  because  of  their  association 
with  a  rich  fauna  containing  Stegodon  ganesa,  Elephas  hysudricus,  and 
other  mammals  similar  to  those  of  the  Upper  Pliocene  of  the  Siwaliks  of 
India.  Reexaminaticm  of  the  Kendeng  stratum  in  which  Fithecari' 
thropus  occurs,  by  Holz  (1907),  Elbert  (1908)  and  others  appears  to 
demonstrate  that  the  Pithecanthroptis  occurs  in  strata  corresponding 
with  an  early  Pluvial  period  following  a  period  of  low  temperature  which 
would  appear  to  accord  with  the  early  Pleistocene  of  Europe.  It  is  there- 
fore generally  agreed  that  Pithecanthropus  is  of  early  Pleistocene  age. 
Following  the  monographic  description  of  this  very  important  type  by 
its  disoovorer  Ouboia*^  was  the  keen  analysis  of  Schwalbe,"^  who  regards 

<»  BoDLE,  Mabcellin  .*  *'L*Homme  fosslle  de  la  Chapelle-aux-Salnts."  Ann.  de  Paieont. 
Vol.  VI.  pp.  111172,  pll.  XVII  XX.  1011;  Vol.  VII.  pp.  21-192.  pll.  IV-XIX.  1912; 
Vol.  VIII.  pp.  1-71.  1913. 

*^  Dubois,  Euo.  :  ''Pithecanthropus  erectus.  Elne  Menschenaehnllche  Uebergangsform 
aus  Java."     4to.     Landesdruckcrel,  30  pp..  2  pll.     Batavia,  Java,  1894. 

"  ScHWALBR,  G. :  "Ueber  fosslle  Prlroaten  und  Ihre  Bedeutung  fQr  die  Vorgeschlcbte 
des  Menschen."  Mitteil.  Phllomat.  Ges.  Rlsass-TiOthringen.  Vol.  IV;  No.  1,  Decade  16. 
1908.     StrasBburg.  1900. 
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these  remains  as  representing  either  a  direct  or  indirect  ancestor  of  a 
human  phylimi  which  stands  intermediate  between  that  of  the  apes  and 
Neanderthal  man  (H.  neanderthalensis)  both  in  respect  to  its  high  brain 
capacity  and  the  structure  of  its  femur.  The  unusually  straight  femur 
indicates  an  erect  attitude,  to  which  the  specific  name  P.  erectus  applies ; 
in  fact,  from  the  structure  of  the  thigh  bone  Dubois  concluded  that  the 
"Trinil  Ape-Man"  had  free  use  of  the  arm  and  hand,  which  were  now  no 
longer  required  for  locomotion,  and  that  the  hand  was  already  far  ad- 
vanced in  the  line  of  differentiation  which  developed  it  into  an  organ  of 
touch  and  capable  of  fashioning  tools. 

LIFE  OF  THE  MEDITERRANEAN  ISLANDS 

It  appears  that  the  continental  elevation  of  southern  Europe  in  early 
Pleistocene  times  established  migrating  routes  or  land  connections  be- 
tween the  islands  of  the  Mediterranean  with  Europe  on  the  north  and 
Africa  on  the  south.  Riitimeyer  (1869)  was  one  of  the  first  to  maintain 
that  north  Africa,  including  Morocco,  Algeria  and  Tunis,  was  stocked 
with  mammals  by  way  of  Gibraltar  and  perhaps  also  by  way  of  Sicily 
and  Malta.  In  the  islands  of  Malta,  Cyprus  and  Crete  as  recently  ex- 
plored by  Bate*^^  we  have  proof,  first,  of  a  long  period  of  connection  with 
the  neighboring  continents  through  elevation,  and  second,  of  the  isolation 
of  the  islands  through  subsidence.  The  isolation  is  followed  by  the 
dwarfing  of  several  tjrpes  of  large  mammals  which,  confined  on  the  islands 
were  made  captive  by  the  sea.  Pohlig  believes'^*  that  toward  the  end  of 
the  First  Glacial  Stage  large  mammals  migrated  to  Sicily  which  at  that 
time  was  connected  both  with  Europe  and  Africa.  The  land  bridges 
then  became  submerged  and  the  large  mammals  dwindled  in  proportions 
through  interbreeding  and  isolation  into  dwarf  races.  It  appears  prob- 
able that  Cypnis  became  isolated  as  an  island  first,  because  the  extinct 
Elephas  Cypriotes  and  Hippopotamus  minutus  are  both  more  primitive 
than  the  species  of  Malta  and  Sicily.  That  Malta  retained  its  connec- 
tion with  Sicily  for  a  long  period  is  indicated  by  the  common  occurrence 
in  the  cavern  deposits  on  both  islands  of  the  two  species  Elephas  mnaid- 
riensis  and  Hippopotamus  pentlandi.  The  dwarf  elephant  race  (i^. 
melitensis)  characteristic  of  Malta  has  also  been  found  on  the  mainland 
near  Rome,  which  would  seem  to  indicate  that  land  connection  between 
the  Italian  mainland  and  Malta  was  renewed  more  than  once. 


"Bate,  D.  M.  A.:  "On  Elephant  Remains  from  Crete,  with  Description  of  Elephiu 
creticut  ap.  n.,"  Proc.  Zo61.  Soc.  London,  pp.  238-250.     Aug.  1,  1907. 

■*POHLiO,  H. :  **Elne  Elephantenhfthlo  Siclllens  und  der  erste  Nachwels  dos  Oanial- 
domes  von  Elephas  aniiquuH,"  Abhand.  krmiui.  bayer.  Akad.  Wlssensch.,  cl.  11,  Bd.  xvlli, 
Abth.  1,  pp.  75-108.  pll.  i-v.  1805.     Sep.  Munich.  189.1. 
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The  diminutive  elephants  of  the  Mediterranean  islands  were  all  de- 
scendants of  the  straight-tusked  species  E.  antiquus.  The  researches  of 
Bate  confirm  this  relationship.  They  attained  a  height  not  exceeding 
five  feet.  The  adaptability  to  which  E.  antiquus  owed  its  wide  geographic 
distribution  and  continued  existence  through  a  long  period  of  time  may 
accoimt  for  its  survival  in  the  Mediterranean  islands  despite  rapid  dim- 
inution in  size  imder  adverse  circumstances.  The  true  African  elephant 
(Loxodonta)  never  crossed  the  Mediterranean. 

The  reduced  existing  fauna  of  the  Island  of  Cyprus  contains  a  min- 
glmg  of  Eurasiatic  and  north  African  mammals  and  shows  the  effects  of 
deforestation  in  historic  times.  Descendants  of  Eurasiatic  ancestors  pre- 
vail in  the  Mediterranean  islands.  The  recently  discovered  Myotragus 
halearicus  of  the  Pleistocene  cave  deposits  of  the  Island  of  Majorca  is 
now  regarded  as  related  to  the  Rupicaprinae  or  Alpine  chamois  type 
(Andrews). 

Sl-CONI)  (iLACIAL  StACJK — SaXONIAN,  MiXDEL,  KaNSAN 

The  second  glaciation  was  the  greatest  both  in  Europe  and  America. 
We  observe  that  the  most  extended  drift  sheets  are  those  in  the  Scandi- 
navian region,  on  the  British  Isles,  around  the  northern  Swiss  Alps,  and 
from  the  Keewatin  center  west  of  Hudson  Bav  in  British  America.  The 
whole  rise  and  fall  of  the  Mindel  glaciation  in  the  Alps  is  estimated  by 
i^enok  as  o(!Ciipying  a  very  long  period  of  time.  The  snow  line  in  the 
Alpine  region  descended  1,300m.  lower  than  at  the  present  time. 

The  only  notable  exceptions  are  in  the  Labrador  region  of  eastern 
North  America  where  the  main  ice  field  was  formed  at  a  later  stage, 
known  as  the  Illinoian.  It  also  appears  that  the  Third  Glacial  or  Riss 
drift  of  the  western  Alps  is  the  greatest  in  that  region  and  of  similar  age 
to  the  Illinoian. 

In  this  second  glacial  advance  the  Scandinavian  ice  field  reached  its 
farthest  southerly  limits.  In  northwestern  Europe  this  main  Saxonian 
(Geikie)  glaciation  extended  to  the  northern  slopes  of  the  Carpathians, 
the  Sudetes,  the  Erz  Gebirge,  the  Thuringian  and  the  Harz  Mountains. 
From  these  ice  sheets  were  given  off  the  "Older  Drift,"  or  "Lower  Dilu- 
vium" of  northern  Germany,  and  in  the  Swiss  Alps  this  Second  glacia- 
tion sent  out  its  Mindel  drift  as  the  most  extensive  fringe  along  the 
northern  borders  of  the  Alps ;  on  the  eastern  and  southern  borders  of  the 
Alps  the  Second  Glaciation  was  about  as  extensive  as  the  Third  glacia- 
tion; on  the  western  borders  of  the  Alps  the  Second  glaciation  was  less 
extensive  than  the  Third.  Similar  conditions  prevailed  in  America; 
from  the  Keewatin  Centre  the  ice  cap  extended  its  drift  southward  into 
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Missouri,  Iowa,  Kansas  and  Nebraska  beyond  the  limits  both  of  the  First 
and  the  Fourth  glaciation. 

Thus  the  Saxonian  drift  of  North  Germany,  the  Mindel  drift  of  the 
Swiss  Alps  and  the  Kansas  drift  of  America  are  correlated  (Penck,  Lev- 
erett)  both  by  their  great  antiquity  and  by  their  very  wide  extent.  The 
eminent  geologist  Wahnschaffe,  however,  correlates  the  "Old  Drift''  of 
the  north  German  lowland  with  the  Third  or  Riss  glaciation  instead  of 
with  the  Second. 

SkCOXI)   IxTEKULACIAL   StAGK — MiNDEL-RiSS 

Penck  regards  the  Second  Interglacial  or  Mindel-Riss  Stage  as  by  far 
the  longest  of  the  interglacial  intervals  in  the  Alpine  region,  estimating 
the  period  between  the  maximimi  Second  glaciation  (Mindel)  and  maxi- 
mum Third  (Riss)  as  high  as  360,000  years.  In  America  also  by  com- 
paring the  erosion  of  the  Second  Glacial  (Kansan)  drifts  with  those  of 
the  Third  Glacial  (Illinoian)  drifts  it  would  appear  that  the  Second 
Interglacial  Yarmouth  Stage  was  of  greater  duration  than  the  entire 
interval  between  the  Third  Glacial  and  present  time.  In  the  north  Ger- 
man lowlands  it  is  shown  to  be  a  long  interval  from  the  amount  of  sedi- 
mentation effected  by  the  interglacial  rivers  and  streams,  but  whether  in 
this  region  it  is  longer  than  the  First  Interglacial  Stage  is  doubtful  (Lev- 
erett,  1910,  p.  273). 

MOISTURE  FOLLOWED  BY  ARIDITY 

In  course  of  this  long  warm  Second  Interglacial  Stage  the  climate 
again  moderated,  becoming  slightly  warmer  than  the  climate  of  to-day. 
The  climate  immediately  following  the  retreat  of  the  ice  was  cool  and 
moist,  then  followed  a  long  warm  stage,  but  this  stage  was  finally  suc- 
ceeded by  a  period  of  aridity  both  in  Europe  and  America  in  which  the 
first  loess  do})o.sits  occurred.  In  Russia  also  the  Second  Interglacial  seems 
to  begin  with  a  cool  and  moist  phase  followed  by  a  more  arid  or  steppe- 
like climate  favorable  to  the  deposition  of  loess.  It  would  appear  that 
the  height  of  the  interglacial  aridity  was  reached  during  the  deposition 
of  the  loess.  The  ''Older  Loess"  deposition  certainly  began  both  in  Europe 
and  America  during  the  Second  Interglacial  Stage  although  in  neither 
countr}^  is  the  "Older  Loess"  so  continuous  or  so  thick  a  deposit  as  the 
"Newer  Loess."  In  Europe  the  "Old  Loess"  lies  between  the  "Old  Drift" 
of  the  First  and  Second  Glacial  advances  and  the  "Middle  Drift"  of  the 
Third  Glacial  advance.  At  Mauer  near  Heidelberg  the  loess  lies  imme- 
diately above  the  Upper  Mauer  sand  layer  which  contains  an  arctic- 
tnndra  fauna   ( Forster,  1913).     The  various  lavers  of  loess  are  of  the 
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utmost  importance  both  in  Europe  and  America  in  the  correlation  of 
human  and  mammalian  life,  also  in  their  significance  as  to  the  climate 
of  interglacial  times.  Loess  consists  of  a  fine,  porous,  silicious,  calcareous 
silt,  usually  of  light  brown  color,  characterized  by  a  peculiar  competency 
to  stand  in  vertical  walls  during  erosion.  Its  origin  and  transportation 
are  believed  to  have  been  partly  sub-glacial,  partly  fluviatile,  partly  aeolian. 
The  fine  mud  carried  by  the  sub-glacial  streams  in  glacial  times  became 
desiccated  and  redistributed  by  the  wind.  Penck  (1904)  describes  the 
Pleistocene  loess  as  formed  in  districts  traversed  periodically  by  great 
streams  leaving  dry  mud  which  in  arid  periods  was  redistributed  by 
aeolian  agencies.  Its  Pleistocene  distribution  is  quite  independent  of  alti- 
tude since  it  occurs  in  the  interglacial  deposits  of  Europe  from  sea  level 
to  a  height  of  1,500m. 

CLIMATE 

A  considerable  part  of  the  elevation  of  the  Swiss  Alps  apparently  took 
place  (Penck,  1910)  during  the  Second  Interglacial  Stage,  and  this  in- 
creased altitude  is  considered  by  some  European  authorities  to  be  the 
cause  of  the  greater  extent  of  the  Third  glaciation  in  the  western  Alps. 

The  Hottinger  breccia  near  Innsbruck  is  referred  by  Penck  (1909,  p. 
1157)  to  the  Second  Interglacial  Stage  with  its  rich  flora  indicating  a 
climate  warmer  than  that  of  present  times ;  this  breccia  lies  on  one  of  the 
old  "High  Terraces"  of  Second  Interglacial  times.  The  plants  include 
the  fir  {Pinus  sylvesiris),  spruce  {Picea  sp.),  maple  {Acer  pseudopla- 
tanus),  buckthorn  {Ehamnus  frangula) ,  several  willows  (SaJi.r  jiigrunns, 
8,  glabra,  S,  incana,  S.  triandra),  the  wayfaring  tree  {Viburnum  Ian- 
tana),  yew  {Ta^us  baccata),  elm  {Ulmus  campestris) ,  strawberry  {Fror 
garia  vesca),  self-heal  {Prunella  vulgaris),  beech  {Fagus  silvaiica) ,  Bind 
mountain  ash  {Sorbv^  aucuparia),  buckthorn  {Rhamnus  Hcettingensis) , 
related  most  closely  to  R.  latifolia,  now  living  in  the  Canary  Isles,  the 
box  {Bu^nLS  sempervirens) ,  also  a  southern  species;  and  most  important 
of  all  a  rhododendron  {R.  ponticum)  which  now  lives  in  the  Caucasus 
five  degrees  south  of  the  latitude  of  Innsbruck  and  in  a  climate  on  the 
average  3°  C.  warmer.  Taking  all  the  facts  into  consideration  Penck 
concludes  that  the  climate  of  Innsbruck  in  the  days  of  the  Hotting  brec- 
cia was  2°  C.  higher  than  it  is  now.  In  correspondence  with  this  the 
snow-line  stood  1,000  ft.  above  its  present  level,  and  the  Alps  save  for  the 
higher  peaks  were  almost  completely  denuded  of  ice  and  snow.'" 

A  picture  of  the  fiora  of  the  Second  long  warm  Interglacial  Stage  is 
also  afforded  in  the  Quaternary  tuffs  of  Provence,  where  the  remains  of 


» SOLLAR,    W.   .T.  :  AocIeDt    Iluuters  aud    their   Modern    Representatives,    p.   27.     8to. 
MacMlIIan  &  Co.     Tx>Ddon.  1911. 
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plants  are  associated  with  elephants  of  the  E.  antiquus  stage.  "The  flora 
of  the  Quaternary  tuffs/^  observes  Saporta,*^*  "is  composed  almost  entirely 
of  woody  forms  living  in  valleys  and  by  the  sides  of  streams."  It  is  for 
the  most  part  analogous  with  the  present  flora  of  Provence.  Of  the 
thirty-seven  species,  twenty-nine  still  occur  in  this  region.  Among  the 
forms  which  have  since  retreated  to  the  south  are  the  sweet  bay  {Laurus 
nohUis)  and  another  species  of  laurel  (L.  canariensis)  which  is  now  con- 
fined to  the  Canaries.  The  greater  humidity  of  the  time  is  indicated  by 
the  presence  of  species  of  pine  which  require  more  moisture.  As  in  the 
Norfolk  Interglacial,  the  figs  (Ficus)  and  the  Judas  trees  (Cercis)  flour- 
ished. The  ash  {Fraxinus)  is  of  a  species  now  found  in  Corsica  and 
Italy.  On  the  whole,  the  forest  trees  and  forest  ground  flora  are  surpris- 
ingly modern,  including  oaks,  elms,  poplars,  willows,  lindens,  maples, 
sumacs,  dogwood,  hawthorn.  Among  the  climbing  plants  are  the  vine 
{Yitis)  and  clematis  {Clematis), 

MAMMALS 

This  life  period  was  first  observed  by  Lyell  and  Evans  in  Essex,  Eng- 
land, and  was  subsequently  recognized  in  Germany  and  France.  Geo- 
logically the  deposits  are  partly  of  fluviatile  origin,  consisting  chiefly  of 
river  sands  and  gravels  in  which  the  remains  of  hippopotamus,  elephants 
and  rhinoceroses  occur.  These  animals  were  formerly  cited  as  proof  of 
an  almost  tropical  climate,  but  the  evidence  of  the  flora,  enumerated 
•above,  and  the  equally  numerous  hardy  types  of  animals  tend  to  modify 
the  former  theories  as  to  extremely  warm  Second  Interglacial  tempera- 
tures. The  geographic  connections  of  Europe  with  the  south  through  the 
land  bridges  of  Lower  Pleistocene  times  still  persisted  in  Italy  in  whole 
or  in  part,  because  the  depression  of  the  southern  portion  of  the  continent 
of  Europe  had  not  yet  begun. 

Survivals. — The  mammals  occurring  in  these  Older  Diluvial  sands  and 
gravels  include  several  Pliocene  survivals  from  the  First  Interglacial 
Stage,  associated  with  the  etruscan  rhinoceros  (Dicerorliinus  eiruscus). 
If  Montmaurin  belongs  to  this  stage  we  may  include  Machcerodus.  At 
Mauer  two  primitive  types  of  bear,  Ur.msi  nrvernensis  and  U.  deningpii, 
«re  recorded,  also  Trogontherium  cuvieri.  The  Mauer  horse  flrst  identi- 
fied as  E.  stenunls  is  now  referred  to  E.  nmiiprensis. 

Among  the  chief  localities  where  the  river  deposits  containing  the 
mammals  referred  to  the  Second  Interglacial  Stage  occur  are  the  fol- 
lowing: 

■•  De  Saporta,  G.  :  "La  Flore  de«  Tufs  QiiaternalreH  en  Provence."     C.  R.  Sess.  Coofr. 
Scl.  Pnnce.      Alx.   1867. 


272  ANNALS  NEW  YORK  ACADEMY  OF  SCIENCES 

Early  Phase.     Warm  Fauna. 

Mauer  Sands  (Lower),  near  Heidelberg,  Germany.    Warm  Fauna. 

Montmaurin  (Haute  Garonne),  Pyrenees,  France. 

St.  Roche,  France. 
Middle  Phase. 

Mosbach,  near  the  Neckar  in  northern  Baden  (Fig.  9,  12). 

Sfissenborn,  near  Weimar,  Germany  (11). 
liATSR  Phase.    Cold  Tundra  Fauna. 

Mauer  Sands   (Upper),  near  Heidelberg.  Germany    (14).    Cold  Fauna 
approaching  the  Third  Glacial  Stage. 

Extinctions. — The  mammals  of  this  grand  life  zone  have  lost  nearly 
all  resemblance  to  those  of  Upper  Pliocene  times  with  the  exception  of 
the  survival  of  the  etmscan  rhinoceros  and  possibly  of  the  sabre-tooth 
tiger.  The  polycladine  deer  of  Upper  Pliocene  times  and  of  the  Norfolk 
Forest  Bed,  or  First  Interglacial,  have  vanished ;  neither  are  there  any 
traces  of  the  axis  deer  {C,  axis). 

Arrivals. — The  Second  Interglacial  Stage  is  readily  distinguished  both 
in  France  and  Great  Britain  by  a  number  of  important  new  arrivals, 
chief  among  which  are  the  "old  elephant'^  (E.  antiquus)  and  the  broad- 
nosed  rhinoceros  {D.  merckii).  Another  very  important  arrival  is  the 
lion  related  to  the  African  Felis  leo.  The  southern  elephant  has  now 
certainly  passed  into  the  Elephas  trogontherii  stage  of  Pohlig  for  the 
type  specimen  of  this  intermediate  species  occurs  at  Siissenborn ;  in  fact, 
this  is  the  "E.  trogontherii  stage"  of  Pohlig;  it  is  also  known  as  the 
"older  E.  antiqutis"  stage  by  Schmidt  and  other  authors.  The  southern 
mammoth  E.  (meridionalis)  trogontherii  is  replaced  by  the  more  pro- 
gressive and  typical  E.  trogontherii.  The  broad-faced  moose  {Alces  lati^ 
frons),  the  giant  deer  (Megaceros)  and  the  roe  deer  (Capreolus)  are  all 
present  in  the  cooler  and  forested  phases  of  this  interglacial  period.  The 
true  stag  {Cervus  elaphus)  is  certainly  recorded.  The  cattle  {Bos  primi- 
geniiLs)  begin  to  be  numerous  and  the  bison  {Bison  priscus)  also  appear 
in  numbers.  Horses  of  larger  size  occur  {E.  mosbachensis,  E.  sUssen" 
bornensis) . 

Among  the  river-living  forms  are  the  beavers  {Castor).  The  giant 
beaver  {Trogontherium)  is  by  some  authors  said  to  make  its  last  appear- 
ance in  Europe  in  this  sub-stage,  but  it  is  again  recorded  in  the  Third 
Interglacial  at  Chelles.  Other  rodents  include  the  marmots  {Marmotta) 
now  found  in  the  Alps,  Carpathians  and  Pyrenees,  whose  remains  may 
have  been  borne  down  by  the  streams.  Beside  the  lions  the  carnivores 
include  the  typical  Eurasiatic  forest  forms,  namely,  the  lynx  {F.  lynx)y 
two  varieties  of  bear  {U.  deningeri,  V.  arvcrnensis) ,  and  the  badger 
{Meles). 

The  chief  components  of  the  fauna  of  the  Second  Interglacial  Stage 
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are  seen  to  belong,  first,  to  the  Eurasiatic  Forest  and  Meadow  Fauna, 
only  separated  by  specific  and  sub-specific  differences  from  the  Prehis- 
toric Fauna  of  Europe;  second,  to  the  surviving  African- Asiatic  fauna, 
including  the  hippopotamus,  two  very  distinct  kinds  of  elephant,  and  two 
rhinoceroses;  third,  there  is  evidence  in  the  late  colder  phases  of  this 
period  of  the  first  occurrence  in  Europe  of  the  Tundra  Fauna  as  repre- 
sented by  the  reindeer  {Rangifer  tarandus).  This  animal  is  recorded  in 
the  gravels  of  Siissenbom  by  Weiss.  Hilzheimer*^  also  speaks  of  the  re- 
mains of  reindeer  as  occurring  both  in  Siissenbom  and  Steinheim  in  asso- 
ciation with  the  remains  of  E,  trogontherii.  This  author  regards  E,  tro- 
gontherii  from  the  structure  of  its  grinding  teeth  as  analogous  in  habit 
to  the  Asiatic  elephant  which  inhabits  the  forests  of  India,  and  believes 
that  the  presence  of  this  animal  indicates  a  relatively  moist  climate  and 
well  forested  country. 

In  this  assemblage  it  is  noteworthy 
that  the  Eurasiatic  Forest  and 
liardy  temperate  types  greatly  pre- 
dominate over  the  African-Asiatic 
types.  This  is  another  indication 
tliat  the  climate  was  of  a.  warm-tem- 
perate character  rather  than  such  as 
now  characterizes  southern  Asia  and 
Africa.  It  follows  that  all  the  Afri- 
can-Asiatic mammals  may  have  been 
well  protected  by  hairy  covering  and 
adapted  to  a  temperate  climate. 

In  the  caverns  near  Montmaurin 
in  the  Pvrenees"®  we  find  remains  of 
an  early  Pleistocene  fauna  which 
contains  the  sabre-tooth  tiger  (M. 
lafidens),  the  broad-nosed  rhinoc- 
eros {D.  merckii),  the  stag  (C.  elor 
plins),  the  brown  hyaena  {E.  hrun- 
nea  strinfa). 

The  most  typical  fauna  is  that  of 
Mosbach  in  northern  Baden.  Here 
there  occur  all  the  characteristic 
mammalian  types  of  the  period,  the 
hippopotamus,  the  urus,  the  bison, 


African- A  STATIC  Types 
Primates 

Homo  hcidelhergensis 
African- Asiatic  Fauna 
Straigbt-tusked  elephant 

E.  antiqutia 
Trogontherlan  mammoth 

E.  Irof/ontherii 
Broad-nose<l  rhinoceros 

Z>.  merckii 
Etruscan  rhinoceros 

D.  etrn8cus( 
Hippopotamus 

H.  major 
{ ?)  Sabre-tooth  tiger 

Machwrodus 
Lion 

Fclis  ho  spdwa 
Eurasiatic  Hardy  Fauna 
Urus 

Bos  priwigeniuft 
Bison 

Bison  prisons 
Stnj:.  roe  deer,  moose,  giant  deer 
Bear,  lynx,  badger,  wild  cat 
(Late) 
Reindeer 

liannifer  tarandus 


■'HiLZHEiMER,  Max:  Handbuch  der  Biologie  dor  Wirbeltlere,  pp.  678-679.  Stuttgart, 
1912-1913. 

"•BocLE,  M. :  "La  Caveme  A  Osseraents  de  Montmaurin  ( Haute-Oaronnc) ."  L'An- 
thropol..  Vol.  XIII,  pp.  305-319.     1902. 
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the  broad-noeed  rhinoceros,  two  species  of  iDammoth  {E.  anliquus,  S. 
trogontherii) ,  and  the  horse  {E.  mosbachensis) . 

In  the  Lower  sands  of  Mauer  near  Heidelberg  there  occur  the  first  re- 
corded remains  of  man  and  a  fauna  including  some  primitive  species. 

Homo  keidelbergensis. — To  the  faunal  stage  of  Elephas  antiquus  and 
the  etruflcan  rhinoceros  {I),  elruscus)  is  to  be  added  the  Heidelberg  man, 
determined  from  a  lower  jaw  discovered  by  Otto  Schii  ten  sack*'  in  1907 
ic  the  Lower  Mauer  Sands  at  a  depth  of  24.10  m.,  one  of  the  most  im- 
portant discoveries  in  the  whole  history  of  anthropology.  The  lower  jaw 
is  exceptionally  massive,  without  chin  projection,  with  a  large  but  essen- 
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tially  human  set  of  teeth;  in  other  words,  it  is  a  jaw  in  some  respects 
similar  to  that  of  an  anthropoid  ape  but  containing  the  dentition  of  a 
man,  namely,  typically  human  canine  and  molar  teeth.  The  jaw  is  now 
regarded  by  anatomists  as  resembling  on  a  very  massive  and  primitive 
scale  the  jaw  of  the  neanderthaloid  human  type  [Homo  neainlurllialen- 
sis)  which  first  occurs  in  tlie  Third  Interglacial  Stage. 
The  fauna  associated  with  Homo  keideibergensis  is  of  an  ancient  char- 

i*  BciinriNSiCK,  Otto:  Der  t'Diprkleter  dex  Homo  heMelbcrneii'U  bus  den  Sanden 
TOO  M*uer  bel  HeldelberR :  F.Id  Belirai  iiir  l'»monlolnEl»  dM  Mrn«fh«n.  Verlag  tod 
WUhflm  RnnlmaDD.     I.«lpili.  1908. 
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act«r.  Schotensack  likened  it  to  that  of  the  First  Int«rglacial  or  Nor- 
folkian  Stage.  The  presence  of  the  etruscan  rhinoeeroa  would  appear  to 
justify  this  opinion,  but  it  is  i)\  erboriie  by  the  similarity  to  the  fauna  of 
MoBbach  including  the  presence  of  Equus  mosbachensis,  a  speciee  highly 
characteristic  of  the  Second  Interglacial  Stage.  The  entire  fauna  of 
these  Lower  Sands  of  Mauer  is  now  identified  (Schmidt,  1912),  as  fol- 
lows: Elephas  antiquus,  D.  (Rhinoceros)  etruscus,'"  Equus  mosbachen- 
sis, Sus  scrofa  ferw,  Alces  latifrons,  Cervus  elaphus,  Capreolus  capreolvs. 
Bison  priseus.  Bos  primigenius,  Vtshs  arvemensis,  XJ.  deningeri,  Felis 
leo"  Fe/ts  catiis,  Canis  neschersensis.  Castor  fiber.    The  enumeration  of 
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this  fauna  is  very  important  as  indicating  the  temperate  climatic  condi- 
tions which  gurroundeil  the  Heidelberg  man.  Wurm  observes  that  the 
£truscan  rhinoceros  only  occurs  in  Mauer  and  that  its  variations  indi- 
cate a  transition  towards  the  D.  merckii  which  occurs  at  Mosbach  and 
SuEsenborn  but  not  in  Mauer.  Above  this  layer  occutb  a  deposit  of  the 
"Older  Ijocss."  indiciitin^  an  arid  ciiniate.  The  Upper  Sands  of  Mauer 
contain  a  cold  fauna  which  by  sonic  is  referred  to  the  close  of  the  Second 


"Wlhu.  a.:  "fber  Rhlnocerog  Mi 
ten)."  Verb.  d.  N»tnrhlBl.-MedlIln. 
pp.  1-62,  pU.   t-IV,      J912. 

•■WCRu.  A.:  Beltrftge  lur  KennIiilB  ilrr  I>llui-I>l«a  HiiuEft 
Elieni  {bel  neldelbcrgl .  I.  Fell'  leo  foislllt.  Jabretbrrlcbli! 
rtelD.  SMl.  VerelDH.  N.  K..  Bd    II.  Heft  I.  pp.  Ti-10'.'.      1012. 
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Interglacial  stage,  by  others   (Wunn,®^  1913,  p.  68)   to  the  'TTounger 
Loess,*'  that  is,  to  the  Fourth  Glacial  or  Postglacial  Stage. 

CHELLEAN  CULTURE  WITH  ANCIENT  INTERGLACIAL  FAUNA 

In  favor  of  the  antiquity  of  the  Chellean  culture  may  be  urged  the  fact 
of  its  association  in  several  localities  (Torralba,  Abbeville,  Piltdown) 
with  the  primitive  mammals  identified  as  Machcerodus,  D.  etruscus, 
Equus  stenonis.  The  specific  identifications  may  be  incorrect,  but  these 
Pliocene  species  are  characteristic  of  the  Second  Interglacial  Stage  and 
are  not  certainly  recorded  in  the  Third  Interglacial  Stage  of  northern 
Europe  at  least.  For  example,  at  Torralba,  Province  of  Soria,  Spain, 
there  has  been  discovered  (Harle,  1910,  p.  75)  an  old  typical  Chellean 
camping  site  containing  abundant  remains  of  D,  mercJcii  and  E,  merid- 
ionalis  (irogontherii)  mingled  with  remains  of  other  mammals  of  prim- 
itive type  identified  as  Dicerorhinus  eiruscus  and  Equus  stenonis.  These 
associations  with  Chellean  remains  tend  to  support  the  theory  that  the 
Chellean  culture  began  during  the  Second  Interglacial  Stage.  Another 
very  ancient  fauna  associated  with  very  primitive  Chellean  or  pre-Chel- 
lean  implements  is  that  found  near  Abbeville,  Gisement  de  Champ  de 
Mars.®*  Beside  typical  members  (such  as  E.  antiquus,  E.  meridionalis 
irogontherii,  and  D.  merckii)  of  warm  Second  Interglacial  times  this 
fauna  is  said  to  contain  such  primitive  types  as  Trogoniherium,  D, 
etruscus,  Equus  stenonis,  also  very  numerous  specimens  of  Machcerodus 
and  Hycena  brevirostris. 

We  cannot  fully  agree  with  Schmidt  (1912)  when  he  observes  that  the 
faunal  separation  of  the  Acheulean  and  Chellean  is  not  so  marked  that 
we  are  obliged  to  separate  these  cultures  by  a  long  period  of  time. 

FAUNA  OF  THE  PYRENEES,  CANTABRIAN  ALPS,  SPAIN  AND  PORTUGAL  ** 

The  entire  warm  fauna  characteristic  of  Germany,  Great  Britain  and 
France  also  penetrated  the  Cantabrian  Alps,  Spain  and  Portugal  as  far 
south  as  Gibraltar. 

A  macaque  (Macacus)  related  to  the  Algerian  species  occurs  in  the 
grotto  of  Montsaun6  (Haute  Garonne)  associated  with  the  hyaena  (H, 

**  WuBM,  A. :  **t>ber  elne  Neu^ntdeckte  Steppenfauna  v^on  Mauer  an  der  Blseni  (bel 
Heidelberg)."  Jahresl)er.  u.  Mitt  d.  Oberrheln.  geol.  VerelDS,  N.  F.,  Bd.  Ill,  Heft  1, 
pp.  62-78,  pi.  vl.     1913. 

"D'Adlt  du  Mesnil,  G.  :  "Note  sur  le  Terrain  Quaternalre  des  Environs  d'Abbe- 
yille."  Revue  Mensuelle  de  Vtxole  d'Anthropologle  de  Paris,  VI  year,  pp.  285-296. 
1896. 

•*  HarlA,  EDorrARD :  "Les  mammif^res  et  oiseaux  quaternalres  connus  Jusqu'lci  en 
Portugal.  Memoires  sulvl  d'une  Hate  g^ni^rale  de  ceuz  de  la  Penlnsule  Ib4rlque."  Com- 
mun.  du  Service  G4ol.  du  Portugal,  T.  viii,  pp.  22-86,  pU.  I-V.     1910. 
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striata),  with  a  dhole  {Cyon),  and  other  members  of  the  warm  fauna  of 
E.  antiquus  and  D,  merckii.  The  porcupine  {Eystrix  cristata)  also 
occurs  here. 

The  striped  hyaena  {H,  striata  brunnea)  is  associated  with  Machcero- 
dus  latidens  in  the  cavern  of  Montmaurin  (Haute  Garonne).  The 
striped  hyaena  occurs  at  five  other  localities  in  the  Pyrenees,  Spain  and 
Portugal  (Fuminha) ;  it  has  also  been  recognized  in  Germany  (Mos- 
bach),  Austria  (Hundsheim)  and  Prance  (Harle,  1910,  p.  40) ;  it  dis- 
appears later  or  retires  to  the  south,  while  the  spotted  hyaena  {H,  cro- 
cuta  spelcea)  becomes  adapted  to  the  extreme  cold  and  survives  with  the 
reindeer  to  the  end  of  Postglacial  times.  The  Carnivora  of  this  region 
are  Felis  leo  spelcea,  the  panther  {Felis  pardus),  the  wild  cat  (Felis 
cattis),  and  the  l3mx  {Felis  pardina). 

Second  and  Third  Glacial  and  Interglacial  Epochs 

african-asiatic  fauna 

Four  great  animals  especially  characterize  this  fauna :  Elephas  trogon- 
therii  and  Hippopotamus  major,  Dicerorhinus  merckii  and  Elephas  an- 
tiquiLS, 

Old  Elephant  (Elephas  antiquiLs)  ,^^ — The  "old  elephant^'  or  straight- 
tusked  elephant  (Elephas  antiquus)  does  not  occur  in  France  or  Great 
Britain  until  the  Second  Interglacial  Stage,  but  it  is  said  to  occur  in  the 
Arno  valley  of  Italy  during  an  earlier  stage  in  which  it  is  associated  with 
a  warm  fauna  including  the  southern  mammoth  and  the  hippopotamus. 
The  typical  E,  antiquus  is  recognized  by  its  narrow,  elongated  grinding 
teeth  with  comparatively  few  plates  which,  combined  with  its  skull  char- 
acters, suggest  its  affinity  to  the  modem  African  (Loxodonta)  rather 
than  to  the  Indian  elephant  (Euelephas)  group.  While  during  the  first, 
or  Norfolk,  interglacial  period  it  is  confined  to  Italy,  in  subsequent  in- 
terglacial times  it  wandered  into  northern  Europe  as  one  of  the  grandest 
and  most  distinctive  forms,  attaining  a  very  wide  distribution.  Pohlig 
certainly  overestimates  its  size®^  in  assigning  to  it  a  height  of  5  m.  at  the 
back  (16  ft.  8  in.),  or  1  m.  more  than  the  mammoth,  and  with  tusks  also 
5  m.  in  length.  In  consequence  of  the  size  and  weight  of  the  tusks,  the 
head,  shoulders  and  fore  legs  were  enormously  developed.  The  same 
writer  believes  that  the  habitat  of  this  mammoth  retreated  and  advanced 


•Pohlig.  H.  :  "Dentition  iind  Kranlologie  des  FAcjthaH  antiquum  Falc.  mlt  Reitr9g:en 
fiber  Elephas  primigenius  Blum,  und  Elephas  meridionalis  Nestl.*'  Not.  Act.  Kil.  Leop.- 
Carol.  Deutsch.  Akad.  Naturforsch.,  Vol.  LIII.  No.  1.  p.  326.     Halle,  1888. 

••Pohlig.  H.  :  Elszeit  und  l^geschlchte  des  Menschen.     Tielpzlg.  1907. 
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with  the  successive  ice  waves  and  warm  interglacial  times.  Because  of 
the  resemblance  of  the  grinding  teeth  of  A\  antiquus  to  those  of  the 
African  elephant  (L.  africanus)  it  has  been  assumed  perhaps  too  readily 
that  this  ancient  elephant  was  characteristic  of  a  tropical  climate.  It 
resembles  the  African  elephant  in  the  prominence  of  the  enamel  bands 
of  the  grinding  teeth,  which  are  adapted  to  the  comminution  of  twigs 
and  woody  food,  which  justifies  the  belief  that  this  animal  frequented 
the  forests.  For  these  reasons  Hilzheimer  regards  E,  antiquus  as  indica- 
tive of  forest  conditions. 

Rhinoceroses, — The  three  great  rhinoceroses  characteristic  of  the  Eu- 
ropean Pleistocene  are  each  of  distinct  geological  value.  In  general 
D.  etruscus  belongs  to  the  First  Interglacial  Stage,  D.  merckii  character- 
izes the  Second  Interglacial  Stage  and  most  of  the  Third  Interglacial, 
while  D,  antiquitaiis  is  distinctive  of  the  Fourth  Glacial  and  the  Post- 
glacial. 

Tlie  two  species  first  named  are  apparently  related  to  the  Sumatran 
phylum  (Dicerorhinus  sumatrensis) ,  The  D,  etruscus  of  the  Val 
d'Arno,  of  the  First  Interglacial  and  of  the  early  phases  of  the  Second 
Interglacial  is  a  relatively  small  animal,  distinguished  by  brachyodont 
grinding  teeth  and  long,  slender  limbs,  a  small  anterior  and  a  larger 
posterior  horn.  It  is  remotely  related  to  the  Sumatran  rhinoceros  but 
differs  in  the  absence  of  cutting,  or  incisor  teeth.  It  is  essentially  a 
browsing  type.  Its  remains  in  Mauer  are  said  (Wurni,  191*2)  to  atford  a 
transition  to  D.  merckii. 

Belated  to  this  animal  in  the  Second  Interglacial  Stage  in  Great 
Britain,  Germany,  France,  Italy,  there  appears  the  broad-nosed  rhinoce- 
ros known  as  D,  raegarhinus,  or  D,  merckii.  It  resembles  D.  etruscus  in 
its  smaller  anterior  and  larger  posterior  horn  and  in  the  elongation  of 
its  limbs  and  feet,  but  differs  from  it  in  the  possession  of  relatively  long- 
crowned  (hypsodont)  grinding  teeth  adapted  to  grazing  habits.  This 
animal  is  very  widely  distributed  geographically  in  the  Second  and  the 
first  half  of  the  Third  Interglacial  Stage,  and  is  in  most  localities  asso- 
ciated with  remains  of  the  hippopotamus  and  "old  elephant." 

Quite  distinct  from  these  animals  is  the  wooUy  rhinoceros  {Diceros 
antiquitaiis,  D.  tichjorhinu^)  which  belongs  with  the  colder  climates  of 
tundra  and  steppe  conditions  and  is  almost  invariably  associated  with 
remains  of  the  true  woolly  mammoth  (E.  primigenius).  Like  the  above 
described  Sumatran  species  it  lacks  the  front,  or  cutting  teeth  and  has  in 
consequence  been  improperly  considered  as  related  to  Dicerorhinus,  but 
really  belongs  to  the  modern  African  group  of  Diceros,  resembling  espe- 
cially the  spwies  D.  simus,  with  which  it  closely  agrees  in  its  dolicho- 
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cephalic  cranial  proportions,  its  long-crowned  teeth,  and  especially  in  the 
presence  of  a  square  upper  lip  and  very  large  anterior  horn  and  small 
posterior  horn.  It  is  thus  distinguished  both  by  the  proportions  of  its 
horns  and  by  the  characters  of  its  teeth  and  lips  from  the  two  species  of 
Dicerorhintis.     It  is  distinctively  a  grazing  animal. 

Synonomy  of  Rhinoceros  Genera 

1.  Indian  rhinoceros :  R.  indicua  =  Rhinoceros  Linnaeus  1758 

2.  Black  rhinoceros  of  Africa :  D,  hicomis  =  Diceros  Gray  1821 

l«.  Woolly  rhinoceros:  R.  antiquitatis  (Blumenbach  1799)  =  CkELoooNXA  Bronn 
1831 

4.  Sumatran  rhinoceros :  D.  sumatrensis  =  Dicerorhinus  Gloger  1841 

5.  White  rhinoceros  of  Africa :  D.  simus  =  Ceratorhinus  Gray  1867 

The  names  of  these  three  rhinoceroses  are  almost  hopelessly  confused 
in  the  early  literature.  The  animals  converge  toward  each  other  in  sev- 
eral characters,  namely,  in  the  loss  of  cutting  teeth  and  in  the  develop- 
ment of  an  osseous  septum  for  the  support  of  the  nasal  bones.  The 
woolly  rhinoceros  {D.  antiquitatis)  is  first  recorded  in  Europe  in  dejK>8its 
correlated  with  the  Third  Glacial  or  Riss  Stage,  the  Mammut  Lehm  of 
Cannstatt  (Koken,  Schmidt,  1912). 

Bovines. — The  bison  {B.  priscus)  rivalled  the  mammoth  as  a  wanderer 
and  was  able  to  adapt  itself  to  wide  diversities  of  climate  in  Europe, 
Asia  and  America.  Originally  of  African-Asiatic  origin  it  became  thor- 
oughly acclimated  as  a  Eurasiatic  meadow  and  plains  type  and  may  have 
extended  also  into  the  forests  like  the  existing  woodland  bison  (B.  atha- 
bascce)  of  Canada.  It  is  readily  distinguished  as  brachy cephalic  while 
its  contemporary,  the  gigantic  urns,  is  long-headed  (dolichocephalic), 
as  well  as  less  agile  than  the  bison.  In  external  appearance,  as  depicted 
in  the  very  numerous  engravings  and  paintings  in  the  Font  de  Qaume 
and  other  caverns,  this  animal  resembled  the  existing  American  bison 
(B.  americanus)  more  than  the  still  surviving  Lithuanian  and  Caucasian 
form  {B.  honasus).  The  animal  appears  in  the  First  Interglacial,  or 
Norfolkian  Stage  in  France.  In  the  Second  long  warm  Interglacial 
Stage  there  existed  a  bison  (B.  priscus  antiquus)  which  enjoyed  a  wide 
distribution.  The  animal  found  its  way  to  the  Mediterranean  islands 
and  gave  rise  to  the  pigmy  varieties. 

The  wild  ox  (Bos  primigenius)  also  occurs  in  the  First  Interglacial 
Stage  and  survived  the  vicissitudes  of  the  entire  Pleistocene  Epoch.  The 
"urus*'  of  Caesar  survived  in  its  wild  state  in  Europe  as  late  as  the  seven- 
teenth centurv  A.  D.,  where  it  was  still  to  be  found  in  the  forests  of 
Poland  and  in  a  few  game  preserves.     It  then  disappeared  so  completely 
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that  even  its  popular  designation  "auerochs"  was  transferred  to  the 
Lithuanian  bison.*^  The  designations  of  these  two  types  are  therefore 
very  confusing  and  are  distinguished  by  Kobelt  as  follows : 

Urus  (Pllny).  wild   ox,   urochs,   auerocbs    (Old  Ger- 

mau),  tur  (Polish),  urstier  z=B08  primigeniua 

Bonasus  (Aristotle)  wiseut  or  wisont,  subr  (Polish),  auer- 

ochs  (of  recent  date)  z=B08  priacus 

The  relations  of  the  wild  cattle  of  Asia  to  domestication  will  be  con- 
sidered on  a  later  page. 

Megaceros  giganieus. — During  the  first  half  of  the  Pleistocene  this 
noble  animal  was  widely  distributed  in  Ireland,  England,  Scotland,  the 
Isle  of  Man,  France,  Denmark,  Germany,  Austria,  northern  Italy  and 
parts  of  Eurasia  even  into  Siberia.  The  famous  Megaceros  beds  of  Ire- 
land are  freshwater  clays  which  frequently  underly  the  peat  bogs.  As 
observed  by  Williams  these  are  %oulder-clays"  which  were  redistributed 
as  lake  sediments  and  accumulated  imder  genial  or  temperate  climatic 
conditions  like  the  present.  Owing  to  the  similarity  in  the  palmation 
of  its  antlers  the  giant  deer  has  been  generally  (Lydekker,  Weber, 
Trouessart)  placed  within  or  very  close  to  the  subgenus  Dam  a,  the 
fallow  deer;  but  Liinnberg®^  regards  the  likeness  between  the  giant  deer 
and  fallow  deer  as  convergence  and  considers  that  the  giant  deer  is  more 
closely  related  phylogenetically  to  the  reindeer,  but  it  is  nevertheless  so 
specialized  as  to  hold  an  independent  place  in  the  system  of  Cervidse. 

• 

The  Megaceros  last  appears  in  early  Postglacial  times  associated  with 
the  Aurignacean  culture  in  Germany;  it  is  not  recorded  (Schmidt)  with 
the  succeeding  Solutrean  or  Magdalenian  culture.  It  thus  became  ex- 
tinct before  the  close  of  the  Palaeolithic. 

Elaphine  or  Red  Deer.^^ — Sir  Victor  Buck  held  that  the  Cervidaj  orig- 
inated in  Asia  and  from  there  spread  westward  into  Europe  or  eastward 
into  America.  The  Asiatic  origin  of  the  red  deer  race  has  since  been 
ably  maintained  by  Koppen.  A  very  large  race  of  late  Pleistocene  times 
has  been  compared  by  Nehring  with  the  C,  canadensis  of  N'orth  America. 

Reindeer. — The  reindeer  of  Pleistocene  times  are  generally  referred  to 
the  Barren  Ground  or  Tundra  type.  In  this  type,  which  is  typified  by 
the  existing  Old  World  reindeer  (If.  tarandiis,  R.  spit zb erg ensis)  and  by 
the  American  arctic  forms  (R.  arcticuSy  R.  Groenlandicus,  R.  grantiy  R. 

•^  POHLio,  H.  :  EiRzelt  und  I'rKPSchlchte  des  Menschen.  p.   i:^l.      l^lpzlR.   1907. 
ROtimeyer,  L.  :  "Die  Fauna  der  Pfahlbauten  der  Schwelz."  Neue    Denkschr.  schweii. 
Oe«.  gesam.  Naturwlss.,  Vol.  xlx,  pp.  68-112.     Zarich,  1862. 

Kobelt,  W.  :  Die  Verbreltung  der  Tierwelt.    8vo.     Leipzig,  1902. 
«  LONNBRRfj,  E.  :  "Which  \n  tho  Taxonomlc  !*o8ltlon  of  the  Irish  Giant  Deer  and  Allied 
Races?*'     Ark.  Zo01.,  Vol.  3,  No.  14.  pp.  1-8.     Upsala.  1906. 

•  SCHABPK.  It.  F.  :  Tho  History  of  tho  Run)i>ean   Fauna,  pp.  246-251.     London.   1890. 
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peanji),  the  antlers  are  rouud,  slender  and  long  in  ]>roportion  to  the 
relatively  small  size  of  the  animal,  while  the  spreading  beam  and  brow 
tines  are  as  a  rule  but  little  palmated,  although  in  some  forms  the  brow 
tine  is  palmated. 

The  woodland  type,  which  is  now  extinct  in  Europe,  is  typified  by  sev- 
eral American  species^^  (/?.  caribou,  R.  jiiontamis,  R.  oshorni)  in  which 
the  antlers  are  heavier,  flatter,  thicker,  and  more  heavily  palmated  on 
the  spreading  beam  and  on  the  "brow  tine"  especially,  while  the  tine 
above  the  brow,  which  corresponds  to  the  bez-tine  of  the  stag  (Cervus), 
is  elaborately  developed  and  palmated  thus  contrasting  sharply  with  the 
simple  bez-tine  of  the  Barren  Ground  group. 

Some  writers^^  (Scharff)  maintain  that  the  Barren  Ground  reindeer 
entered  Europe  first  during  the  First  and  Second  Glacial  Stages  while 
the  woodland  group  first  appears  in  the  Third  Glacial  Stage.  Others 
(Hilzheimer)  maintain  that  all  the  known  Pleistocene  reindeer  belong 
to  the  Tundra  form  and  not  to  the  woodland  form.  Again,  Dietrich^- 
recognizes  a  woodland  caribou  in  the  "high  terrace"  gravels  of  Steinheim 
in  the  valley  of  the  Murr, 

Carnivores. — The  larger  Pleistocene  carnivores  embrace  the  wolves 
{Canis  lupus),  the  bears  {U.  arctos,  U.  spelcea),  the  hyaenas  (H.  crocuia 
spelcpa,  H.  (hrvnnea)  stnata),  the  leopards  (Felis  pardus  of  Spain) 
and  the  lions. 

The  chief  enemies  of  the  wild  horses  and  cattle  of  the  Pleistocene  were 
the  lions  {FelL<f  leo  speJ(va),  descended  either  from  the  great  rats  of  the 
Pliocene  of  France  and  Italy  (Felis  arvemensis)  or  more  probably  mi- 
grants from  northern  Africa.  These  lions  are  known  from  deposits  in 
England,  Belgium,  Austria,  southern  Eussia,  France,  Spain,^^  Italy, 
Sicily,  Greece  and  Algeria."^*  The  fact  that  remains  of  this  animal  are 
so  often  associated  with  those  of  the  cold  Postglacial  fauna  makes  Neh- 
ring's''°  suggestion  seem  plausible  that  the  cave  lion  was  a  northern  race 
of  the  recent  African  and  western  Asiatic  lion  adapted  to  a  colder  cli- 
mate and  with  a  heavy  coat.  After  examination  of  specimens  from  cen- 
tral and  northern  Europe  Boule*^*  reaches  the  conclusion  that  these  lions 

TO  Grant,  Madison:  "The  Caribou."  Ann.  Rept.  N.  Y.  Zo»I.  Soc,  no.  7,  pp.  175-100. 
New  York,  1892. 

"  Op.  (it.,   p.   l."»4. 

^  Dietrich,  W.  O.  :  "Neue  fosslle  Cervldenreste  aus  Schwaben,**  Jahreshefte  des 
Verelns  t.  vaterlilndlsche  Naturkunde,  Jahrg.  66,  pp.  820-336.     1910. 

"  HAKi.fi.  Knoi  ARi) :  "Los  mammif^ref)  et  olnoanx  qnaternalrea  connus  juRonMci  pn 
Portugal.  Memolres  sulvl  d'linc  Uste  g^n^rale  de  ceux  de  la  Ptfninsule  IMrique."  Com- 
mun.  du  Service  g^l.  du  Portugal.  T.  VIII,  pp.  22-85,  pll.  I-V.     1910. 

T*  BouLE,  Mabcellin  :  ''Les  Grands  Chats  des  Cavernes."  Ann.  de  Pal^nt.,  Vol.  I,  pp. 
20-27.     Jan..   1906. 

"Nehrino,  a.:  tM)er  Tundren  und  Steppen  der  Jetzt-und  Vopzelt. 'init  bosondorer 
Berttcksichtigung  fhrer  Fauna.     Berlin.  1890. 
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are  not  related  to  the  tiger  (F.  tigris)  as  was  supposed  formerly  by  De 
Blainville  and  Ijartet.  While  rich  in  individual  variations  Felis  leo 
spelfpa  is  nearer  the  lion  than  the  tiger  in  most  of  its  characters;  it 
should,  in  fact,  be  considered  a  veritable  race  of  the  recent  lion  with  the 
name  Felis  leo  spelcea.  It  differs  from  both  the  recent  lion  and  tiger  in 
the  more  gentle  and  unifonn  slope  of  its  facial  profile  and  in  its  large, 
flat  forehead,  but  its  limb  bones  are  longer  and  propori;ionately  thicker. 
It  sometimes  equals  and  often  surpasses  the  existing  lions  and  tigers  in 
size.  It  is  represented  in  the  cave  engravings  and  drawings  both  of 
eariy  and  late  Postglacial  times. 

The  cave  hyajna  (Hycena  crocuta  spelwa)  is  a  variety  of  the  living 
Kpotted  hyaena  ( 1/ i/wjiu  crnnita)  of  P^ast  Africa,  but  it  attained  dimensions 
considerably  ^rrcaier  than  that  uf  its  living  ally.  It  has  the  larger  propor- 
tions, the  heavier  build,  the  broad  skull,  the  powerful  camassial  teeth 
whicli  distinguish  the  spotted  from  the  striped  hyaena  {H,  striata)  of 
the  present  day.  Although  proportionately  heavier  the  hind  limbs  may 
have  been  shorter  than  in  the  spotted  hyaena  in  adaptation  to  the  cavern 
life  which  the  inclement  climate  made  necessary.  The  cave  hyaena  was 
a  very  abundant  tyf)o  and  is  responsible  for  scattering  of  the  vast  num- 
bers of  the  bones  of  the  contemporary  animals  in  a  manner  not  pleasing 
to  the  palaeontologist. 

In  the  caves  of  southern  France  a  variety  {Hywna  priscus)  of  the 
striped  hyaena  (Hya'na  striata)  also  occurs  and  there  are  also  discovered 
liere  additional  remains  of  an  animal  {II.  intermedia)  resembling  the 
cave  hyjvna.  Thus  the  Pleistocene  species  of  European  hyaenas  under- 
went an  evolution  of  their  own.  As  a  result  the  living  African  forms 
differ  more  from  the  Pleistocene  hyaenas  of  Europe  than  they  do  from 
those  of  Pliocene  times. 

Tlarl^^®  records  the  striped  hya?na  (H.  striata)  as  characteristic  of  the 
earlier  or  warm  Pleistocene  of  Spain  and  Portugal;  the  cave  hyaena  (H, 
crocuta  spelcea)  survived  into  the  late  Pleistocene  through  adaptation  to 
the  cold  climate. 

The  cave  wolf  (Canis  lupus  spelasa),  a  member  of  the  forest  fauna, 
also  attained  dimensions  greater  than  its  living  allies.  According  to 
Gaudry  and  Boule,^^  (1892)  no  constant  osteological  differences  can  be 
detennined  between  the  Pleistocene  cave  wolf  and  the  modem  wolf  of 
western  Europe,  although  the  cave  form  is  of  considerably  larger  size. 
This  animal  is  represented  in  the  Upper  Magdalenian  paintings  of  Font 
de  Gaume. 


»•  Op.  cit.,  1910.  pp.  46,  70. 

^Gaudbt,   a.,  and   Boule,  M.  :  Mat^rlaux   pour  THlRtolre  des  Temps  Quatemalret, 
Fane.  4.  I>«  OubUettes  de  GargaR.  pp.  108  112.     Paris.  1R02. 
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Third  Glacial  Stage — Illinoian,  Polandiax,  Riss 

In  North  America  the  Third  Glacial  Stage  is  heralded  by  the  advance 
of  a  great  ice  cap  radiating  from  Labrador  which  sent  its  glaciers  to  the 
south  and  far  southwest,  depositing  the  Illinoian  drift  which  is  regarded 
(Leverett,  1910,  p.  315)  as  of  an  earlier  period  than  the  Polandian  or 
^'Middle  Drift"  of  northern  Germany  or  the  Riss  drift  of  the  Alpine 
region.  This  Third  glaciation  of  the  Alpine  region  has  a  period  of  ad- 
\ance  and  retreat  which  is  relatively  estintated  bv  Penck  at  20,000  years, 

•-  ft  ^  %f  ^ 

the  snow  line  descending  1,250m.  With  it  are  associated  the  'Tiigh  ter- 
race" deposits  of  the  Alpine  region.  The  Third  glaciation  was  greatly 
extended  along  the  Rhine,  in  parts  of  Switzerland,  in  France,  and  in 
the  valley  of  the  Po  (Fig.  9).  In  northern  Germany  the  principal  rea- 
son for  separating  the  "Middle  Drift"  (Polandian)  from  the  'TJpper 
Drift"  (Mecklenburgian)  is  the  presence  of  loess  deposits  between  them 
which  seems  to  strengthen  the  evidence  for  a  Third  Interglacial  interval. 
These  loess  deposits  are  regarded  by  certain  German  geologists  (Koken) 
as  the  continuation  of  the  "Older  Loess"  but  by  Penck  and  licverett  they 
have  been  regarded  as  belonging  to  the  "Newer  Loess." 

THIRD  glacial  FAUNA 

The  recurrence  of  a  cold  climate  in  Germanv  is  heralded  in  the 
Upper  Sands  of  Mauer  by  the  arrival  of  the  reindeer  and  other  arctic 
types.  In  the  Mammut  Lehm  of  Cannstatt  is  found  a  fauna  which  is 
regarded  by  Koken  and  Schmidt  (1912,  op.  cit.)  as  contemporaneous 
with  the  Third  Glacial  advance.  It  is  noteworthy  as  containing  two 
new  arrivals  from  the  tundras  of  the  north,  namely,  the  woolly  mam- 
moth (E,  primigenius)  and  woolly  rhinoceros  (D.  antiquitatis) ,  as  well 
as  the  reindeer  (R.  tarandus).  The  other  members  of  this  fauna  in- 
clude two  species  of  horse,  the  giant  deer,  the  stag,  the  bison  and  the 
urus.  "Cannstatt,"  obsenes  Schmidt  (1912,  p.  270),  "affords  a  geologi- 
cal and  final  connecting  link  between  the  Second  Interglacial  fauna  of 
Mauer  and  the  fauna  of  Early  Palaeolithic  [or  Third  Interglacial] 
times."  If  this  fauna  actually  entered  Germany  during  the  cold  period 
of  the  Third  glaciation  it  returned  to  the  north  with  the  approach  of  the 
warm-temperate  climate  of  the  Third  Interglacial  Stage,  because  no 
trace  of  it  is  found  until  near  the  close  of  the  Third  Interglacial  Stage. 

Third  Ixterglacial  Stage — Riss-WtJRM,  Sangamon 

The  Third  Interglacial  Stage  is  shorter  than  the  Second,  its  geologic 
and  faunal  characters  are  more  fully  known,  and  it  embraces  the  first 
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undoubted  remains  of  human  stone  industry  in  Europe  as  well  as  abun- 
dant remains  of  man.  In  the  Alpine  region  this  Riss-Wiirm  Stage  is 
indicated  by  '^igh  terraces/*  which  rise  25  to  50m.  above  the  existing 
streams.  The  Riss-Wiirm  interval  is  evidently  shorter  than  that  be- 
tween  the  Second  and  Third  glaciation.  Penck  considers  that  the  depo- 
sitions of  "Newer  Loess"  which  occurred  in  the  Alps  near  the  close  of 
Riss-Wiirm  Interglacial  times  represent  a  cold  stage,  since  the  fauna 
which  it  contains  is  of  the  Tundra-Alpine  type  and  the  Palaeolithic  im- 
plements found  in  it  are  closely  similar  in  workmanship  to  those  found 
in  deposits  subsequent  to  the  Wiirm  glaciation  (Penck,  1909,  p.  1159). 
He  regards  this  as  the  "Newer  Loess'*  that  was  laid  down  prior  to  the 
Fourth  glaciation.  Koken  and  Schmidt,  on  the  other  hand  (1912), 
regard  the  "Newer  Loess"  as  partly  or  wholly  Postglacial,  that  is,  as 
occurring  after  the  Wiirm  maximum.  The  Third  Interglacial  loess  of 
northwestern  Europe  was  comparatively  scanty  and  discontinuous,  from 
1  to  5m.  in  thickness,  and  contains  a  terrestrial  niolluscan  fauna  as  in 
America.  All  the  indications  are  that  this  loess  was  deposited  by  pre- 
vailing westerly  winds.  Also  along  the  Danube  the  loess  is  chiefly  due 
to  westerly  winds.  Penck  attributes  the  scarcity  of  loess  in  the  southern, 
eastern  and  western  borders  of  the  Alps  to  the  presence  of  thick  vegeta- 
tion even  during  the  glacial  stages,  the  moraines  being  pushed  out  into 
the  forests. 

In  America  the  Third  Interglacial  interval  is  known  as  the  Sanga- 
mon: the  deposits  are  composed  of  dark,  black  soil  which  is  overlain  by 
the  main  or  thickest  loess  deposit  of  the  central  United  States.  There 
appears  to  have  been  a  long  interval  between  the  melting  of  the  Third 
Glacial  ice  and  the  deposition  of  the  loess  which  contains  a  terrestrial 
raolluscan  temperate  fauna,  indicating  climatic  conditions  not  greatly 
different  from  those  now  existing  in  the  same  regions  (Shimek,  1909). 

The  geologic  deposits  of  this  stage  are  mainly  of  three  kinds:  first, 
Huviatile  sands  and  gravels;  second,  loess;  third,  hearth  or  kitchen-mid- 
den deposits  made  by  man  toward  the  cold  closing  period  of  this  stage. 

CLIMATIC   CHANGES   DURING   THE  THIRD   INTERGLACIAL   STAGE 

The  Third  Interglacial  Stage  opens  with  a  renewal  or  continuation  of 
climatic  conditions  favorable  to  an  Asiatic-African  fauna  exactly  similar 
to  that  of  the  warm  Second  Interglacial  period.  This  warm  fauna  is 
known  as  the  "Second  E.  aniiquus  fauna."  It  includes  the  hippopota- 
mus, the  straight-tusked  elephant  (E.  antiquus)  and  the  southern  ele- 
phant (E.  trogontherii).  This  last  species  is  even  referred  to  by  many 
writers  as  E.  meridionalis. 
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This  is  the  Elephas  antiquus  Stage  of  Pohlig,  this  animal  being  very 
abundant  until  toward  the  close  of  the  Third  Interglacial  Stage  when  it 
makes  its  last  appearance  in  Europe.  The  broad-nosed  rhinoceros  {D. 
merchii)  is  also  abundant  and  appears  in  Europe  for  the  last  time. 

The  successive  climatic  phases  of  mammalian  life  are  most  clearly 
recorded  in  connection  with  the  culture  stages  of  the  Lower  Palaeolithic 
period,  including  the  pre-Chellean,  Chellean,  Acheulean,  and  the  begin- 
ning of  the  Mousterian  cultures.  As  indicated  on  p.  233,  the  warm 
Asiatic- African  fauna  prevails  from  the  pre-Chellean  until  toward  the 
close  of  Acheulean  times,  when  there  is  evidence  of  the  advent  of  a  cold 
dry  continental  climate,  on  the  approach  of  which  the  hippopotamus, 
Elephas  antiquus,  and  DicerorMniis  merchii  gradually  retreat.  Thus  at 
Villejuif,  south  of  Paris,  the  late  Acheulean  implements  are  found  im- 
bedded in  great  drifts  of  loess,  a  proof  that  a  cooler,  drier  climate  which 
marks  the  transition  from  the  last  warm  Interglacial  Stage  to  the  Fourth 
Glacial  advance  was  prevalent.  Chiefly  in  the  southern  parts  of  France 
we  find  the  Elephas  antiquus  fauna  still  persisting  until  the  close  of  the 
Third  Interglacial  Stage  or  during  the  early  Mousterian  period,  a  sign 
that  this  old  African-Asiatic  stock  did  not  become  extinct  but  migrated 
from  central  Europe  to  warmer  regions  in  the  south  and  southwest. 

Flora. — Indications  of  changes  of  climate  in  the  Third  Interglacial 
interval  are  preserved  in  the  tuf  de  la  Celle-sous  Moret  (Seine-et- 
Marne)^®  which  overlies  Pleistocene  river  gravels  near  Paris.  The  lower 
levels  contain  the  sycamore  maple  (Acer  pseudoplatanus) ,  willows 
(Salix),  the  Austrian  pine  (Pinus  laricia).  Higher  up  in  the  same  de- 
posits we  find  the  box  tree  {Buxus)  and  not  uncommonly  the  fig 
(Ficus) ;  the  canary  laurel  {Lauras  nohilis)  occurs  less  frequently ;  the 
canary  laurel  and  the  fig  indicate  that  the  winters  were  mild  because 
both  these  plants  flower  during  the  winter  season.  The  climate  was 
more  damp  and  somewhat  milder  than  that  of  the  present  time  in  this 
region.  The  Mollusca  of  the  tufa  of  La  Celle  also  indicate  that  the  cli- 
mate of  northern  France  was  more  equable  so  as  to  permit  species  now 
widely  separated  to  live  together.  The  plants  in  the  highest  levels  of 
the  tufa,  however,  indicate  a  cooler  climate  and  yield  Acheulean  flints. 
The  tufa  is  itself  covered  by  a  sheet  of  loess  cor  res  ponding  to  the  return 
of  a  cool,  arid  period  in  late  Acheulean  times. 

In  Lorraine  below  the  level  of  the  fauna  of  the  Fourth  glaciation  there 
occurs  a  flora  in  which  the  most  northerly  varieties  of  the  larch  (Lari.r) 
and  the  mountain  pine  (Pinus  lamheriiana)  predominate.  The  lignites 
of  Durntou  and  of  TTtzuaeh  near  Ziirich  (Fig.  0,  18)  contain  fossil  re- 
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mains  of  forests  of  Third  Interglacial  age  similar  to  those  which  still 
flourish  in  the  same  region,  consisting  of  spruce,  fir,  mountain  pine, 
larch,  birches,  yews  and  sycamores  with  undergrowth  of  hazel.  These 
lignitic  deposits  rest  upon  the  remains  of  a  retreating  glacier  and  are  in 
turn  covered  with  those  of  another  glacier  and  are  therefore  intergla- 
cial.^" With  this  hardy  flora  are  associated  remains  of  Elephas  antiquus, 
D,  merckii,  the  urus  and  the  stag. 

Fauna. — The  mammalian  fauna  is  broadly  divided  into:  first,  the 
warm  African-Asiatic,  which  disappears  from  Europe  at  the  close  of  the 
Third  Interglacial  Stage ;  second,  the  Eurasiatic  Forest  Fauna,  in  which 
we  now  include  the  urus  {B.  primigenius)  and  the  bison  {B.  prisctis) ; 
third,  the  Tundra  Faima,  which  retreats  after  the  Third  Glacial  Stage 
to  reappear  with  the  approach  of  the  Fourth  Qlacial  Stage,  when  the 
full  tide  of  Tundra  life,  including  fifteen  species  of  mammals  and  birds, 
and  the  advance  wave  of  Steppe  life,  including  nine  species  of  mammals 
and  birds,  first  arrive  in  Europe.  The  chief  localities  in  which  the  fauna 
is  recorded  are  the  following : 

Warm  Stage.     Chelles,**  St.  Acheul,  valley  of  the  Somme,  northern  France. 

Warm  Fauna. 
Grays  Thurrock  and  Jlforo,  Essex,  England.    Warm  Fauna. 
Cool  Stage.        Taubach-Weimar-Ehringsdobf-Achenheim,  Germany.    Acheu- 

Iran  Stage.     Temperate  Fauna. 
DuRNTEN,    Utznach,    near    Ztirlch,    Switzerland    (cool    flora, 

fauna). 
Laviste,  Ayoelades,  travertines,  Marseilles,  France  (flora). 
Krafina  (cavern  of),  Croatia  (fauna  and  human  remains). 
Cold  Stage.        Rixdorf,  near  Berlin.     Cold  fauna. 

PILTDOWN  MAN,  EOANTHROPUS  DAW80NI 

Fragments  of  a  skull  and  jaws  discovered  hy  Dawson  in  1911  near 
Piltdown,  Sussex,  have  been  described  by  Dawson  and  Smith  Wood- 
ward.®^ They  were  associated  in  a  fluviatile  sand  layer  with  a  single 
pre-Chellean  flint  and  remains  of  deer  (?  deer),  rhinoceros  {D,  etruscus 
or  D,  merckii),  beaver  (Castor  fiber),  and  hippopotamus.  The  geologic 
age  is  not  positively  determined  by  the  fauna  nor  by  the  nature  of  the 
river  gravel  deposits  in  which  these  specimens  were  found.     The  associa- 

^Dawkins,  W.  B.  :  "Classification  of  the  Tertiary  Period  by  Means  of  the  Bfiam- 
malU."    Quart.  Jour.  0«ol.  Soc.»  Vol.  xxxi,  pp.  379-405.    Aug.,  1880. 

"^The  Chellean  culture  is  placed  by  Penck  and  Oelkle  In  the  Second  Interglacial  Stage. 

■*  Dawson,  Ch.,  Smith- Wood  ward.  A..  Smith,  G.  Elliot:  "On  the  Discovery  of  a 
PalspoUthlc  Human  Skull  and  Mandible  In  a  Flint-bearing  Gravel  Overlying  the  Wealden 
(Hastings  Beds)  at  Piltdown,  Fletching  (Sussex).  With  an  Appendix  by  Prof.  Grafton 
Elliot  Smith.**    Quar.  Jour.  Geo!.  Soc,  Vol.  6ft.  pp.  117-151.  Pis.  XV-XXI.    London.  101.^. 
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tion  of  the  pre-Chelleau  flint  and  of  numerous  Chellean  flints  in  the 
overlying  layer  would  tend  to  determine  the  age  as  either  Third  Inter- 
glacial  or  at  the  earliest  Second  Interglacial. 

The  placing  of  the  skull  and  jaws  together  as  belonging  to  one  indi- 
vidual is  not  certain,  but  is  highly  probable.  The  cranial  bones  are 
extremely  thick ;  the  skull  is  not  Neanderthaloid,  but  is  of  a  high,  dolicho- 
cephalic type,  with  a  brain  capacity  variously  estimated  at  l,100ccm. 
(Elliot  Smith,  1913)  to  l,500ccm.  (Keith,  1913). "«  The  jaw  resembles 
closely  that  of  an  orang  {Simia  satyrus) ;  the  two  lower  molar  teeth 
preserved  are  more  elongated  than  in  any  human  type;  the  superior 
canine  tooth  (mistaken  by  the  authors  for  an  inferior  canine)  resembles 
that  of  the  anthropoid  ape.  Thus  the  specimen  may  be  concisely  de- 
scribed as  possessing  the  skull  of  a  man  combined  with  the  jaw  and  the 
dentition  of  one  of  the  higher  anthropoid  apes.  A  number  of  eoliths 
and  one  palaeolith  were  also  found  in  the  same  layer  with  the  skull. 

PRE-CHELLEAN    AND    CHELLEAN    FAUNA 

The  dawn  of  the  stone  industry  in  Europe  is  known  as  the  pre-Chel- 
lean.  It  is  found  at  Chelles  in  France,  in  Spain  and  at  Piltdown, 
Essex,  England.  It  is  important  to  note  that  the  Chellean  culture 
stage  is  regarded  by  Penck,  Geikie  and  others  as  belonging  to  Second. 
Interglacial  times,  or  the  Mindel-Eiss,  while  Boule,  Haug,  Obermaier, 
Breuil  and  Schmidt  assign  the  pre-Chellean-Chellean  culture  to  the 
Third  Interglacial  Stage.  While  the  latter  opinion  generally  prevails 
among  archaeologists  there  is  reason  for  further  investigation  before  the 
geologic  age  of  the  pre-Chellean  and  Chellean  cultures  can  be  considered 
as  definitely  determined. 

The  faunal  period  of  the  Chellean  culture  proper  is  shown  in  the  val- 
leys of  the  Somme  and  of  the  Marne  where  mingled  with  the  Pre-Chel- 
lean and  Chellean  flints  are  found  the  hippopotamus,  the  southern  ele- 
phant {E.  meridionalis  trogontherii)  with  the  straight-tusked  elephant 
(E.  antiquum)  and  the  broad-nosed  rhinoceros  {D.  merchii).  The  typi- 
cal site  of  the  Chellean  culture  stage  is  near  the  town  of  Chelles  in  tiie 
wide  expanse  of  the  Marno  valley.  The  river  deposits  of  the  period  of 
the  Chellean  culture  in  this  valley  are  eight  meters  in  thickness  and 
contain  beside  the  animals  named  above  the  gian^  beaver  (Trogonthe- 
Hum),  species  of  bear,  of  hyaena,  various  kinds  of  deer,  larger  and 
smaller  kinds  of  wild  cattle  and  a  i)riiiiitive  wild  horse. 

At  Al)})eville,  at  the  mouth  of  the  Somme,  are  found  remains  of  the 


«a  The  corrected  and  final  determination  Is  at  l,300ccm.,  Smith-Woodward,  McGregor. 
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same  animals  associated  with  those  identified  as  belonging  to  the  sabre- 
tooth  tiger  (Macharodu^). 

Chellean  Culture  on  ihe  ^'Low  Terraces" — It  appears  that  the  Chel- 
lean  culture  stage  in  many  regions  was  subsequent  to  the  formation  of 
the  terraces;  thus  Chellean  flints  may  occur  in  the  superficial  gravels 
both  on  the  "middle"  and  on  the  "low  terraces."  Haug  (1912)  sup- 
ports the  theory  that  the  Chellean  culture  belongs  to  the  Third  Inter- 
glacial  Stage.  This  accords  with  the  terrace  chronology.  The  minute 
researches  of  Laville  in  the  basin  of  Paris  are  confirmed  by  the  observa- 
tions of  Commont  in  the  valley  of  the  Somme.  Along  the  Somme  Chel- 
lean flints  occur  in  the  deep  gravels  overlying  the  middle  and  upper  ter- 
races. The  fauna  found  in  the  ^How  terraces"  of  Chelles  and  of  Grenelle 
is  the  same,  namely,  E,  trogontherii,  Trogontherium  cuvieri,  Hycena 
crocuta,  D.  merckii,  Hippopotamus  major,  Elephas  antiquum.  All  these 
animals  found  at  Chelles  occur  in  the  gravels  a  few  meters  above  the 
level  of  the  Marne;  they  belong  exclusively  to  the  sands  and  gravels  at 
the  base  of  the  diggings  in  the  "low  terrace."  Similarly  in  the  valley 
of  the  Somme  near  Abbeville  from  the  base  of  the  '%w  terrace"  are  re- 
corded Acheulean  flints  with  //.  major,  D,  merclcii,  Elephas  antiquus, 
etc.  Laville  collected  at  Arceuil  in  the  valley  of  the  Bi^ve,  in  gravels 
assigned  to  the  "low  terrace,"  Chellean,  Acheulean  and  Mousterian 
flints;  these  '^ow  terraces"  are  only  5m.  above  the  river  level  and  are 
still  occasionally  flooded  with  the  high  waters  of  the  Seine.  It  is  hardly 
probable  that  the  close  geologic  and  faunistic  association  of  the  Chellean- 
Acheulean  cultures  in  these  "low  terraces"  could  have  been  separated  by 
a  very  long  geologic  period,  amounting  to  a  hundred  thousand  years,  as 
demanded  by  the  theory  of  Penck. 

What  is  regarded  as  the  typical  Third  Interglacial  faima  of  the  more 
northern  regions  of  Europe  as  found  at  Grays  Thurrock,  II ford  (Essex, 
England)  and  at  Taubach  is  as  follows : 

Grays    ThurrocJc,    71  ford    (Essex, 

Straight- tusked  elephant,  Elephan         n     i  '  j\         mi       v-  . 

r!  h nqJand) .  —  The    hippopotamus    is 

Southern  mammoth,  E,  trogontherii  here  recorded  by  Dawkins.    The  ele- 

Broart-nosed  rhinooeros,  D.  merckii  phant  of  Essex  is  referred  by  Pohlig 

Hipiwpotamus,  H,  major  to     E,     trogontherii.     The     horse 

Wild  horse,  E.  T  caballus  (prohably  (p^.vart)   is  considered  to  belong  to 

the  Forest  variety)  ^^^    ^^^^^^    ^^    ^^^^.^  ^^j^ 

\\\ld  hour,  8u8  scrofa  fertts  _  .  .      ,  .     ."^i.       -  ., 

Bison,  Bison  priscus  ^^'^^  ^^^^^  '«  characteristic  of  the 

Urns,  Bos  pnmigenius  ^^^er  shores  and  of  the  neighboring 

Red  deer,  Cervus  elaphus  forests    and    meadows.      The    lions. 

Roe  deer,  C.  capreolus  livfenas    and    bears    which    are    re- 


■--■■•  :•  •.  A^   T.-,^'^  ».■■...■.'*(■  M.:--.  ..  ^..^ i^h,^v=k.>   -jr^>.  V-JL -^'il^ 


OSBORN,  REVIEW  OF  THE  PLEISTOCENE  28^ 

Giant  deer,  Megaceros  corded  here  are  not  true  cave  types. 

Hyaena,  H.  crocuta  spelwa  ^^^  ^^^  i^^      j.^  ancestors  of  the  cave 

Brown  bear,  Ursua  arctoa  .  ,  .  ,  •      ^i  -i 

Wild  goat,  Capra  ^^P^^  ^^^^^  ^PP®^^  ^^  ^^  succeed- 

Lion,  Felis  leo  aniiqua  ^^E  reindeer  or  cavem  period. 

Wolf,  Canis  suessi 

Badger,  Metes  taxus 

Marten,  Muatela  tnartes 

Otter,  Lutra  vulgaris 

Beaver,  Castor  fiber 

Hamster,  Cricetus  vulgaris 

The  water  vole,  Arvicola  awphibius 

ACHEULEAN    CLLTIHE   FAIXA 

Warm  Stage. — The  early  Acheulean  culture  as  found  at  Taubach, 
Weimar,  Ehringsdorf  and  Achenheim  contains  the  hippopotamus  and  the 
straight-tusked  elephant  (E,  aniiquus).  The  principal  feature  of  the 
early  Acheulean  culture  stage  seems  to  be  the  abundance  of  these  African - 
Asiatic  animals  so  that  this  is  commonly  known  as  the  "warm  Acheulean'^ 
fauna. 

Cool  Stage, — The  Acheulean  culture  endured  for  a  long  period  of  time 
and  toward  its  close  two  typical  members  of  the  warm  fauna,  namely, 
the  hippopotamus  and  E.  trogontherii,  disappear.  Thus  the  late  Acheu- 
lean fauna  does  not  include  either  hippopotamus  or  E.  trogontherii  but 
there  still  survive  the  E,  aniiquus  and  the  broad-nosed  rhinoceros  (D, 
merckii).  These  animals  persisted  in  Europe  for  a  considerable  time 
and  becomin«:  adapted  to  a  colder  climate  are  sometimes  found  in  asso- 
ciation with  the  advent  of  the  true  mammoth  (E.  primigenius)  and  the 
woolly  rhinoceros  (D.  antiquitatis) . 

During  late  Acheulean  times  a  dry,  cool  continental  climate  prevailed 
(Hilzheimer,  1913,  p.  145)  similar  to  that  of  the  steppes  of  southern 
Russia  between  the  Ural  Mountains  and  the  Caspian  Sea.  Evidences  of 
this  are  6bserved  even  in  the  sheltered  valley  of  the  Vfeire,  a  tributary 
of  the  Dordogne  in  southwestern  France.  Similarly  as  regards  north- 
central  France,  Obermaier  (1912,  pp.  122-124)  observes  that  while  the 
climate  was  mild  and  temperate  and  the  country  still  forested  at  the  be- 
ginning of  the  Acheulean  culture,  in  late  Acheulean  times  the  implements 
at  Villejeuf  south  of  Paris,  are  found  embedded  in  drifts  of  loess,  a  proof 
that  the  colder  climate  which  marks  the  transition  from  the  Third  Tnter- 
glacial  Stage  to  the  Fourth  Glacial  Stage  was  now  beginning  to  prevail. 
The  fauna  is  still  that  of  E.  antiques'  and  D.  merckii.  More  rarely 
(Schmidt,  1912)  Acheulean  palspoliths  are  associated  even  with  remains 
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of  the  woolly  mammoth  and  the  woolly  rhinoceros,  indicating  that  in 
northern  localities  the  Acheulean  culture  reached  the  cold  period  of  the 
Fourth  Glacial  Stage. 

Krapinc  Neanderthaloid  Race.- — ^To  the  Acheulean  Stage  there  is  re- 
ferred a  human  tooth  found  at  Taubach.  Of  much  greater  importance 
is  the  presence  of  abundant  skeletal  remains  of  men  of  a  primitive  Nean- 
derthaloid race  found  in  the  cave-shelter  of  Krapina  in  Croatia.  These 
remains  are  positively  associated  with  the  Acheulean  stage  by  Schmidt 
(1912,  p.  256)  but  they  are  regarded  as  more  recent,  of  the  late  Mous- 
terian  culture  stage,  by  Breuil.  The  remains  as  finally  described  by 
Gorjanovic-Kramberger*^  include  hundreds  of  human  bones  intermingled 
in  various  separate  strata  with  hundreds  of  stone  implements  and  chips 
and  thousands  of  animal  bones.  Of  the  contemporary  fauna  are  re- 
corded Ursus  spelcBus,  Bos  primigenius,  Equus  f  cnhallus,  Dicerorhinus 
mercJcii,  Megaceros  euryceros,  Castor  fiber ^  Arctomys  marmotta.  The 
human  racial  type  is  unquestionably  related  to  that  found  at  Neander- 
thal and  Spy.  The  race  is  somewhat  dwarfed,  of  broader  head  form, 
with  less  prominent  supraorbital  processes.  The  species  is  Homo  nean- 
derthalensis, 

Mousterian  Culture,  Temperate  Fauna. — The  earliest  strata  of  the 
Mousterian  culture  stage  in  France  show  a  fauna  not  diflfering  essen- 
tially from  that  of  the  late  Acheulean  stage,  namely,  a  fauna  containing 
Elephas  antiquum  and  DicerorJdnus  merckii.  Thus  in  La  Micoque,  one 
of  the  oldest  stations  in  the  Vez^re  valley,  Dordogne,  in  which  the  cul- 
ture belongs  to  the  transition  between  late  Acheulean  and  early  Mous- 
terian times,  in  the  very  lowest  layers  are  found  traces  of  the  broad- 
nosed  rhinoceros  (D.  mercl'ii)  associated  with  remains  of  the  moose 
{Alces),  But  the  last  glacial  stage  is  approaching  and  J),  merckii  gives 
place  to  the  migrants  from  the  tundra  region  of  the  northeast,  covered 
with  hair,  adapted  to  an  arctic  climate,  namely,  the  mammoth  and  the 
woolly  rhinoceros.  Tlie  main  succeeding  portion  of  the  Mousterian  cul- 
ture was  contemporaneous  with  the  Fourth  Glacial  Stage  and  the  cold 
tundra,  steppe  fauna. 


**Oorjanovic-KrambeAoer.   Karl:  "Der  Diluvlale  Mensch  von  Krapina  In  Kroatien   % 
Bin    Beltrag   %vlt   Palftoanthropoloi^e.      Studien    fiber   die   Entwickelangsmechannlk    des 
Prlmatenslcelettes  mit  besonderer  Beriicksichtlgung  der  Anthropologie  und  Descendens- 
lehre."    Herausgegeben  von  Dr.  Otto  Walkhoff.    C.  W.  Kreidel's  Verlag,  4to.    Wiesbaden, 
1906. 
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FouKTii  Glacial  Stage — Wurm,  Mecklexburoian.  Wisconsin 

BEGINNING  OF  THE  REINDEER  AND  CAVE  PERIOD 

The  Fourth  Glacial  Stage,  like  the  First,  is  believed  to  have  been 
nearly  contemporaneous  in  Europe  and  North  America,  consequently  the 
estimates  of  Postglacial  time  in  one  country  have  an  important  bearing 
on  the  other.  The  First  Maximum  of  the  Fourth  or  Wurni  glaciation  in 
the  Alps  is  estimated  by  Penck  as  occurring  40,000  years  ago.  It  was 
followed  by  the  slight  recession  known  as  the  Laufenschwankung,  a  tem- 
perate retreat  followed  in  turn  by  the  Second  Wiirm  Maximum,  which  is 
estimated  as  occurring  20,000  years  ago.  Similarly  in  America  the 
"early  Wisconsin'^  is  followed  by  a  recession  interval  (Peorian),  and 
this  in  turn  by  the  'late  Wisconsin"  which  is  the  final  great  glaciation  in 
America.  The  contemporaneous  Mecklenburgian  of  the  North  German 
lowlands  gave  rise  to  the  "Upper  Drift, '^  which  in  some  respects  bears  a 
striking  resemblance  to  the  Wisconsin  Drift  of  America  both  in  its  sys- 
tems of  moraines  and  in  its  topography.  This  stage  also  includes  appar- 
ently the  "Upper  Drift^'  of  northern  England  with  which  the  drift  of 
the  Alps  correlates  well.  The  Upper  Drift  of  England  covered  also  a 
large  part  of  Wales.  In  Germany  glaciation  also  occurred  in  the  Rie- 
sengebirge  and  the  Black  Forest. 

In  America  part  of  the  'TTpper  Drift"  is  loess-covered  and  in  the  opin- 
ion of  Koken  and  Schmidt  the  Upper  Drift  of  Germany  is  also  partly 
covered  with  the  "Newer  Loess."  The  Postglacial  Stage  did  not  exhibit 
a  steady  amelioration  of  climate  after  the  culmination  of  the  Fourth 
Glacial  Stage,  but  there  is  evidence  of  great  oscillations  and  renewed 
glacial  advances  both  in  northern  Britain  and  Scandinavia  and  in  Ger- 
many. These  Postglacial  advances,  as  most  clearly  defined  in  the  Alpine 
region,  have  been  termed  by  Pcnck  the  Biihl,  the  Oschnitz  and  the  Daun, 
They  are  correlated  by  palaeontologists  and  anthropologists  quite  closely 
with  the  successive  faunae  and  archaeological  implements  of  Postglacial 
time. 

Period  of  the  Final  Glacial  Maximum, — The  length  of  time  which  has 
elapsed  since  the  close  of  the  Fourth  great  glacial  advance  is  estimated 
in  America  by  the  recession  of  the  Falls  of  Niagara.  This  recession 
began  with  the  end  of  the  Wisconsin  glaciation  which  is  believed  to  have 
been  contemporaneous  with  the  Wiirm.  As  early  as  1829  Bake  well  esti- 
mated that  since  the  Falls  of  Niagara  were  receding  by  the  erosion  of  the 
Niagara  gorge  at  the  rate  of  three  feet  annually  about  10,000  years  had 
elapsed  since  the  end  of  the  Glacial  Epoch.  Lyell  visited  Niagara  in 
1811  and  after  consideration  of  all  the  data  of  erosion  concluded  that 
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the  time  since  the  last  great  glacial  stage  was  not  less  than  31,000  years. 
Gilbert,  Upham  and  otiier  geologists  of  the  United  States  Geological 
Survey  after  pointing  out  many  sources  of  error  in  all  such  calculations 
were  inclined  to  the  adoption  of  periods  ranging  from  6,000  to  10,000 
years.  Gilbert's  survey  is  the  most  careful  which  has  been  made;  he 
estimated  (1896)  that  the  gorge  of  Niagara  is  not  more  than  7,000  years 
of  age.  The  Canadian  geologist  Spencer  arrived  at  a  result  almost  iden- 
tical with  that  of  Lyell,  namely,  32,000  years. 

The  most  careful  estimates  on  the  subdivisions  of  Postglacial  time  in 
Europe  are  those  of  Penck  (1909,  p.  1168)  which  may  be  briefly  sum- 
marized as  follows: 

IV.  2nd  Wt^BM  MAXiMiTM,  beginning  of  Upper  Palopo- 

lithic  culture 20,000  to  34,000  years 

Achen  retreat,  period  of  Aurignacean  and  Solutrean 
culture  

Biihl  advance,  period  of  early  Magdalenian  culture 

(Netisch) ir..000    "  24.000      *• 

Post-Btihl,  period  of  late  Magdalenian  culture 10,000    "  16,000     " 

Daun  Stage,  i)eriod  of  the  dose  of  the  Ui)per  Palaeo- 
lithic, Azilian  culture 7,000 

Age  of  Copper  in  Europe 4.000    *'     5,000      '* 

According  to  Heim's^^  (Calculations  the  period  since  the  deposition  of 
the  Biihl  moraines  in  the  Lake  of  Lucerne  amounts  approximately  to 
16,000  years  and  if  the  Magdalenian  culture  deposits  of  this  formation 
are  of  the  age  of  the  Biihl  advance  we  mjay  estimate  with  Neiisch  that 
the  Biihl  advance  occurred  at  least  24,000  years  ago.  This  advance  is  a 
very  important  period  because  it  represents  the  last  of  the  Arctic,  Tundra 
and  Steppe  Faunas  in  central  Europe  prior  to  the  establishment  of  the 
modem  forested  conditions  and  fauna. 

Fauna  of  the  Fourth  OJacial  Stage. — The  severe  climate  of  the  Fourth 
Glacial  Stage  is  indicated  by  the  mammalian  life  found  at  Achenheim 
and  Sirgenstein  associated  with  what  is  known  as  the  ^'full  Mousterian'^ 
Palaeolithic  culture  (Schmidt,  1912).  Here  for  the  first  time  there  is  a 
predominance  of  the  Tundra  Fauna  (fifteen  species)  as  well  as  the  ad- 
vent of  the  Steppe  Fauna  (two  species),  while  the  Forest  Fauna  (seven  • 
species)  and  Meadow  Fauna  (four  species)  are  still  represented.  The 
straight-tusked  elephant  (E,  antiquum)  and  broad-nosed  rhinoceros  {D. 
merckii)  have  disappeared  and  are  now  replaced  by  the  woolly  elephant 
{E,  primigenius)  and  woolly  rhinoceros  {D,  antiquitaiis) ,     The  mam- 


"Hbim,  a.:     "Cber  das  absolute  Alter  der  Eiszelt."     Vlerteljahrsschrlft  der  natur- 
Corsch.  Ges.  In  ZUrlch.  Jahrg.  .39.  No.  2.  pp.  180-186.     1894. 
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mal  life  of  the  Fourth  Glacial  Stage  at  Achenheim  and  Sirgenstein  near 
the  upper  Khine  is  divided  among  the  various  faunae  as  follows : 


Tun  DBA 

Kl^phuH  primifjenius 

DiceroB  antiquitatis 

Rangifcr  tarandus 

Vulpea  lagopua 

LcpuH  varialAlis 

Myoihn  torqnatus 
Steppe 

Equua  germanicus  (Steppe  type) 

Spermophilus  rufvs<en.s 
Forest 

CervuH  elaphus 

Ltjtichus  lynx 

Canis  lupus 

Vulpes  alopex 

Armenia  amphihius 

Vrsus  spi'Uvua 

ALPlMi 

Arciomys  marmntta 

Ibex  sp.V 

Lagopus  alpinun 
Meadow 

Bison  priscus 

Bos  prim  igeii  i  u s 
Astatic 

Hywna  speUpa 

Felis  leo  spelwa 


After  the  First  Maximum  of  the 
Fourth  glaciation  the  Laufen- 
schwankung  may  have  temporarily 
favored  the  return  of  the  Elephas 
antiquus  and  D,  merckii  fauna  as 
far  as  northern  France  because  we 
occasionally  find  a  glacial  mixed 
fauna  where  E,  antiquus  and  D. 
merckii  occur  in  association  with  E, 
primigenius.  The  close  of  the 
Fourth  Glacial  Stage  or  Second 
Wiirm  Maximum  is  marked  bv  the 
first  appearance  of  very  numerous 
arctic  rodents,  especially  of  the 
banded  lemming  {Myodes  torquor 
tus)  type,  which  constitute  the  so- 
called  "Lower  Rodenf '  layer.  The 
animals  (Schmidt,  1912)  character- 
istic of  this  Lower  Bodent  stratum 
as  found  at  Sirgenstein,  Wild- 
scheuer  and  Of  net  are  as  follows : 


This  ^H'iower  Rodent"  stratum 
with  a  fauna  such  as  we  find  at  pres- 
ent in  far  northern  Russia  registers 
the  coldest  climate  of  Pleistocene 
times,  corresponding  to  the  Second 
Maximum  of  the  Fourth  Glacial 
Stage.  It  is  well  known  that  this 
Lower  Rodent  fauna  is  not  local  but 
rather  a  widespread  phenomenon  ex- 
tending over  northern  and  southern  Germany  and  Belgium  (Schmidt, 
1912,  p.  261).  The  presence  of  this  Lower  Rodent  fauna  at  Thiede  near 
Braunschweig  in  the  border  region  of  the  Upper  Glacial  Drift  of  Germany 
is  of  special  significance,  as  Wahnschaffe  observes.  This  is  the  classical 
locality  for  lemming,  the  remains  of  lemmings  being  associated  solely  with 
those  of  arotie  fox,  arctic  hare,  reindeer,  musk  ox  and  mammoth. 


Tundra 

Canis  lagopus 
Fcetorius  erminea 
Lepus  variabilis 
Myodes  obensis 

**       torquatus 
Lagopus  albus 

I'^OREST 

.1 7'vicola  am phibi  us 
Meadow 
Talpa  europasa 
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Upper  Sands  of  Mauer. — In  the  Upper  Sands  of  Mauer,  Wurm  {op. 
(it.  1913)  and  Forster**  have  observed  the  presence  of  a  sub- Arctic  cold 
fauna  including  the  arctic  reindeer  {E.  iarandus)  and  the  banded  lem- 
ming (My odes  torquattis),  the  steppe  suslik  {S pernio phUus  rufescens)^ 
also  tlie  steppe  weasel  {Foetorius  eversmanni).  This  is  positively  corre- 
lated with  the  fourth  glaciation  bv  Wurm. 

The  fauna  of  the  Wildkirchli  cave  on  Mont  Centis  in  Switzerland 
shows  no  typical  interglacial  fonns  and  may  indicate  either  the  approach 
of  the  Wiirm  Glacial  period  or  its  Laufenschwankung  (Schmidt,  1912, 
p.  193). 

Movsterian  Palceolithu:  CuUure. — The  Mousteriaii  Pala'olithic  culture 
of  the  Neanderthaloid  race  appears  to  have  begun  toward  the  close  of  the 
Third  Interglacial  Stage  and  continued  throughout  the  entire  period  of 
the  Fourth  Glacial,  including  the  First  Maximum,  the  Laufenschwan- 
kung, and  the  Second  Maximum,  ending  with  the  "Ijower  Rodent*'  fauna 
in  the  deposits  of  the  '^Newer  Loess/'  Thus  Koken  and  Schmidt  speak 
of  the  Mousterian  culture  as  found  at  the  base  of  the  "Younger  Loess/* 

The  early  men  of  the  Mousterian  culture  period  witnessed  in  the  north 
the  Elephas  antiquus  and  broad-nosed  rhinoceros,  and  the  hippopotamus 
in  the  south,  as  proven  in  the  Prince's  Cave  of  Monaco.  The  culture 
lasted  through  all  the  severe  climatic  conditions  of  the  entire  Fourth 
Glacial  Stage.  The  men  of  the  Neanderthal  race  in  Mousterian  times 
sought  the  rock  shelters  and  grottos  or  entrances  to  caverns  so  that  the 
greater  number  of  palaeoliths  are  found  mingled  with  the  remains  of  ani- 
mals of  the  chase  around  the  old  hearths.  The  commonest  game  evi- 
dently consisted  of  the  wild  horse,  urus  and  reindeer.  Less  frequently 
the  ibex  and  stag  were  objects  of  the  chase. 

Neanderthal  Races, — To  the  Neanderthal  race  {Homo  neandertha-- 
lensis,^^)  in  addition  to  the  remains  of  Krapina,  belong  many  and  widely 
distributed  remains,  including  the  classic  tvpe  of  Neanderthal  discovered 
in  1856,  the  Gibraltar  skull  discovered  in  1848,  those  of  La  Naulette, 
Spy  (1887),  Krapina  (1902),  Malarnaud,  La  Quina,  Le  Moustier 
(1908)  and  La  Ferrassie.    The  skull  of  Neanderthal  man  was  character- 


**  FObster,  F.  :  "Ober  eine  diluvlale  subarktiscbe  Steppenfauna  aus  den  SandhQgeltt 
von  Mauer."    Verhandl.  naturw.  Vereln.     Karlsrube,  1913. 

"The  mid-PIelstocene  man  was  definitely  named  H'omo  neanderthalenais  by  Cope  in 
1893  at  the  time  of  the  discovery  of  the  skeletons  of  Spy ;  it  seems,  however,  that  King 
had  previously  (1864)  used  the  same  term.  Schwalbe  (1901)  remarks,  .  .  .  **the 
species  of  man  which  I,  together  with  King  (1864)  and  Cope  (1893),  designated  as 
Homo  neanderthalensis."  In  the  following  year  (1902)  the  same  author  introdnces  the 
term  Homo  pritnigenius,  which  is  that  generally  adopted  In  Germany.  Among  French 
authors  the  same  man  is  known  to-day  as  Homo  moMteri'enais.  This  polynomial  usage 
serves  at  least  to  emphasize  the  unanimous  opinion  af;  to  the  distinct  specific  character 
of  mid-Pleistocene  man. 


oKRoies.  in:\  n.w  tn-  the  pleistocesk  ■i<\^ 

i^d  liv  an  evfrenieiy  rwcdiufr  forchend,  by  the  great  prominence  of  the 
Bupruorliital  ridpe*,  and  liv  a  rather  slender  jaw.  The  occipital  projec- 
tion for  the  attachment  of  the  Piiperior  muscles  of  the  neck  was  large, 
indicating  that  these  muscles  at  the  hack  of  the  neck  were  strongly  devel- 
oped, a  character  necessary  to  meat-eaters  before  the  invention  of  knives 


Skull  of  s  NeatiderlhaL  man  from  tbe  cavern  of  1^  CbngieUc-aiii-SalDla  <Corr«ze).  France. 

and  forks.  This  primitive  type  of  man  «ap  shorter  than  the  average 
European  (that  is,  5  feet  8'/L'  inches)' :  he  is  estimated  of  as  low  stature 
&e  5  feet  3|^.  inches.  His  lower  limbs  were  especially  powerful,  but  his 
gait  seems  not  U>  have  been  fidly  i-rcct.  fipr  the  knees  are  hcnl  sliirl.lly 
forwnrd. 
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The  most  remarkable  skull  and  gkeletoa  of  Mousterian  age  is  that 
(Fig.  16)  found  by  the  Abbes  J.  and  A,  Bouyssonie  and  L.  Bardon  in 
the  cavem  of  La  Chapelle-aux-Saints  (Corr^)  in  1908,  associated  with 
stone  implements  and  remains  of  the  reindeer,  nnis,  ibex  and  woolly 
rhinocerofi.     The   cranium   is   dolichocephalic,   with   |)n)inini>nt   supra- 


Frc.  n.Seanderthal  ranu 

RMODBtriictlop  of  Ihe  liesd  of  Homa  neanilerthaicmli  by  fharlM   ri.   Ivnleht  undiT  the 

dlrMtlan  a(  tbe  autbar,     Iflm. 

orbital  processes  and  relatively  short  and  broad  nose,  weak  lower  jaw, 
lacking  the  prominent  chin  process.  -These  characters,  as  well  as  the 
posterior  position  of  the  foramen  magnum  and  the  fonii  of  the  palate, 
are  distinctly  simian  or  pro-human.'" 

Postglacial  Stage — Continuatio:*  ok  Uppkr  Pal.eolithic, 
Reindkeb  or  Cave  Pehiod 


For  a  long  period  the  fauna  of  Postglacial  time  in  Europe  remained 
practically  the  same,  namely,  during  the  Mousterian,  Aurignacian,  Solu- 
trean  and  Mogdalenian  culture  periods.  The  cold  fauna  is  shown  both 
in  the  animal  remains  and  in  the  art,  which  is  so  characteristic  of 
Aurignacian  and  Magdalcnian  times. 

As  the  "Tjower  Kodent"  layer  of  Mousterian  times  is  referred  to  the 
Second  Maximum  of  the  Fourth  glacialion  and  the  period  of  most  intense 
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cold  it  is  followed  by  an  amelioration  of  eliniate  ( Achensehwankun^) 
during  Aurignacian  and  Solutrcan  times,  which  in  turn  is  succeeded  by 
a  recurrence  of  a  colder  climate  during  the  Biihl  advance,  at  which  stage 
it  is  believed  the  "Upper  Rodent"  layer  of  Magdalenian  times  indicates 
a  fresh  invasion  of  Arctic-Tundra  types.  This  tundra  "Upper  Rodent" 
layer  occurs  in  the  deposits  of  Sirgenstein,  Wildsheuer  and  Ofnet;  it  is 
associated  along  the  upper  valley  of  the  Danube  with  early  Magdalenian 
palaeoliths,  and  continues  in  Hohlefels,  Schussenquelle,  Andernach,  Miin- 
zingen  and  Wildscheuer  in  association  with  the  Middle  Magdalenian  cul- 
ture stage;  there  is,  moreover,  in  Hohlefels,  Schmiechenfels  and  Propst- 
fels  an  association  of  the  cold  steppe  fauna  with  a  late  Magdalenian  cul- 
ture stage.  After  this  there  was  a  decided  amelioration  of  climate,  for 
in  the  final  Azilian-Tardenoisian  stage  all  the  Steppe,  Tundra  and  Alpine 
types  disappear. 

UPPER  PAL.EOLITllK',  FOUR  OR  FIVE  HUMAN  RACES 

(1)  The  Grimaldi  Race,  a  negroid  typo  is  found  close  to  the  warm 
faunal  level  at  Mentone.  (2)  An  initial  feature  of  the  long  Postglacial 
Stage  is  the  entire  disappearance  of  the  Xeanderthal  race  of  men  and 
the  invasion  of  Europe  by  a  new  race  of  the  much  higher  Cro-Magnon 
type  referred  to  the  existing  human  species  (Homo  sa/mns).  This 
race  was  discovered  in  Dordogne  at  the  hamlet  of  Cro-Magnon  from 
which  it  takes  its  name.  It  has  also  been  found  in  the  caverns  near 
Mentone  lying  above  remains  of  the  Grimaldi  race.  Cro-Magnon  re- 
mains are  also  found  at  several  localities  in  France  in  deposits  of  Aurig- 
nacian and  Magdalenian  times.  In  the  south  in  Aurignacian  times  this 
was  a  tall,  well-proportioned,  hunting  and  nomadic  race;  in  the  more 
severe  climate  of  the  north  it  occurs  as  a  dwarfed  race.  The  skulls  are 
dolichocephalic,  with  very  broad  cheek  bones,  hence  designated  as  dishar- 
monic.  The  brain  capacity  is  equal  to  that  of  the  early  Neolithic  races 
and  surpasses  that  of  many  modem  races.  It  is  probable  but  not  posi- 
tively demonstrated  that  to  this  Cro-Magnon  race  we  owe  the  early  arts 
of  engraving,  sculpture,  design  and  mural  painting  which  are  preserved 
in  the  Aurignacian  and  ^lagdalenian  deposits  of  France  and  northern 
Spain.  (3)  In  Solutrean  times  there  was  at  Briinn  and  Predmost  (Mo- 
ravia) another  dolichocephalic  race  which  is  considered  as  distinct  or 
transitional  because  unlike  the  typical  Cr6-Magnon  race  the  cheek  bones 
are  narrow  and  the  skull  is  thus  harmonic.  This  is  the  Briinn-Predmost 
race.  (4)  After  the  close  of  the  ^Magdalenian  culture  stage,  or  during 
the  so-called  Azilian-Tardenoisian  culture,  the  first  brachy cephalic  hu- 
man races  make  their  appearance  in  Europe.    Their  remains  have  l)een 
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found  at  Ofnet,  Furfooz  and  at  Grenelle.  This  is  commonly  known  as 
the  Grenelle  or  Furfooz  race ;  it  is  very  distinct  from  the  preceding  races 
in  bodily  structure  and  in  culture. 

Aurignacian,  First  Upper  Palfeolifhic  Culture  Stage. — This  first  of 
the  Upper  Palaeolithic  culture  stages  is  widely  distributed  in  western 
Europe.  It  takes  its  name  from  the  small  grotto  of  Aurignac  (Haute 
Garonne)  where  the  first  discoveries  of  the  culture  and  of  a  number  of 
skeletons  were  made  in  1852.  The  arts  of  engraving  on  bone  and  stone, 
of  drawing  and  painting  in  single  lines,  of  sculpture  of  the  human  and 
of  animal  figures,  all  in  bold  but  primitive  forms,  first  appear  in  Aurig- 
nacian times.  Thus  man  through  his  art  begins  to  make  a  permanent 
record  of  the  contemporary  mammalian  life,  especially  of  the  manunoth, 
bison,  reindeer  and  cave  bear.  With  early  Aurignacian  times  the  cold 
climax  is  passed  but  we  still  find  remains  of  the  Arctic  lenmiing  (Myodes 
torquatus)  fauna.  The  mammalian  list  of  the  Aurignacian  stations  both 
of  the  "Newer  Loess"  and  of  the  caverns  still  gives  a  cold  aspect  with  its 
Tundra-Steppe-Alpine  types  with  which  no  warmer  types  are  associated. 
In  middle  and  late  Aurignacian  times  the  lemmings  for  a  time  disappear ; 
otherwise  the  fauna  retains  its  northern  character  {Gulo  luscus,  Lagopus 
alpinus),  which  is  not  essentially  altered  by  the  presence  of  the  hyaena 
and  stag. 

SoJutrean,  Second  Culture  Stage, — This  stage,  which  takes  its  name 
from  the  type  station  of  Solutr^  (Saone-et-Loire)  represents  the  climax 
of  perfection  in  the  Upper  Palaeolithic  flint  industry,  which  appears  to 
represent  partly  a  development  of  Aurignacian  workmanship  and  partly 
a  culture  invasion.  With  Solutrean  times  Schmidt  correlates  the  three 
Briinn  skeletons  and  Predrnost  (Moravia).  It  is  iioteworthv  that  no  evi- 
dences  of  a  Solutrean  art  have  been  discovered.  The  faima  like  that  of 
the  Aurignacian  represents  an  amelioration  of  the  extreme  cold  of  the 
Fourth  Glacial  maximum.  The  wild  horse  and  reindeer  are  abundant 
as  well  as  the  mammoth,  rhinoceros,  wolf  and  cave  bear.  Perhaps  the 
somewhat  more  frequent  appearance  of  such  cold  faunal  types  as  the 
Alpine  hare  and  groufee  betoken  the  approach  of  the  colder  Biihl  stage 
of  Magdalenian  times. 

Magdalenian,  Third  Culture  Stage  and  Fauna. — This  third  Upper 
Palrt'olithic  culture  takes  its  name  from  the  station  of  La  Madeleine 
(Dordogne).  It  is  distinguished  by  decline  in  the  perfection  of  the  flint 
industry  as  compared  with  the  Solutrean  stage,  by  a  very  decided  devel- 
opment of  bone  implements,  and  by  a  surprising  advance  in  the  arts  of 
engraving  and  painting  and  the  sculpture  of  animal  forms  in  bone  and 
ivory.     The  Magdalenian  stage  corresponds  with  the  "Upper  Rodent*' 


If    iiMJi^f  1^   mJtm^MSl 
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strata  which  registers  a  period  of  extreme  cold  correlated  with  the  Biihl 
glaciation  (Penck,  Schmidt),  which  again  attracts  the  cold-loving  ro- 
dents. The  ^TJpper  Rodent"  strata  associated  with  Magdalenian  cultures 
in  the  shelters  of  Schweizersbild  and  Kesslerloch  are  of  more  recent  date 
than  the  neighboring  "Lower  Terraces/'  This  ^Tipper  Rodent"  stratum 
contains  an  abundance  of  Tundra  and  Steppe  types  of  smaller  rodents 
and  represents  the  last  stage  of  extreme  cold  in  Europe.  Thus  the 
banded  lemming  {My odes  torquatus)  corresponds  with  early  Magda- 
lenian times.  In  the  upper  levels  of  the  Upper  Rodent  layer,  which  be- 
long to  late  Magdalenian  times,  the  Tundra  fauna  gradually  gives  way 
to  a  more  abundant  Steppe  fauna,  the  banded  lemmings  becoming  less 
frequent  while  the  jerboas  {Alactaga  jaculus),  the  hamsters  {CricetvA 
phceiis),  the  susliks  {Spermophilus  rufescens)  become  more  abundant. 
The  reindeer  and  the  wild  horse  are  very  abundant.  The  mammoth,  the 
woolly  rhinoceros  and  the  cave  bear  gradually  retire  from  the  middle  and 
southern  mountains  of  Germany,  and  in  the  very  highest  Magdalenian 
culture  layers  the  fauna  begins  to  approach  that  of  recent  times,  namely, 
the  Eurasiatic  Forest  fauna.  In  Schmidt's  opinion  there  is  no  question 
as  to  the  similarity  of  age  of  the  Magdalenian  layers  of  the  Miinzingen 
loess  deposits  with  the  cave  deposits  of  Schweizersbild  and  Thaingen. 
From  this  evidence  it  can  be  positively  determined  that  the  chief  deposits 
of  the  "Newer  Loess"  occurred  after  the  Fourth  glaciation. 

Witli  Magdalenian  times  are  associated  the  skeletons  of  La  Madeleine, 
Laugerie  Basse,  Chancelade,  La  Hoteaux  and  Duruthy;  all  are  regarded 
as  of  the  Cro-Magnon  racial  type. 

POSTGLACIAL   FAUNA 

The  mammal  fauna  of  this  long  Postglacial  period  is  the  same  in  the 
upper  valleys  of  the  Rhine,  the  Danube,  the  Dordogne  and  the  Garonne. 
It  extends  throughout  the  Pyrenees  and  the  Cantabrian  Alps  of  northern 
Spain.  Even  the  reindeer  invaded  this  region  (Harl6)  but  the  stag  (C. 
elaphus)  is  more  abundant.  The  moose  (Alces)  also  invaded  the  Pyre- 
nees and  northern  Spain.  The  Saiga  antelope  {S.  tartarica)  occurs  at 
thirteen  localities  in  southern  France  (Harle),  and  the  steppe  suslik 
(S.  rufescens)  is  very  abundant. 

It  is  a  grand  assemblage  of  the  European  Forest  and  Meadow  types 
mingled  with  a  few  Eurasiatic-Alpine  types,  abundant  Eurasiatic  Forest 
types,  but  with  the  Tundra  and  Steppe  types  predominating  numerically 
until  the  close  of  the  Magdalenian  period,  when  the  Forest  types  again 
begin  to  greatly  predominate.  The  numerical  succession  in  Germany  and 
Austria   may   be   tabulated    from   the    invaluable   tables   presented   by 
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Schmidt.    We  owe  our  knowledge  of  the  cold  fauna  of  southern  France 
chiefly  to  Harle  (1871-1912).  ,         ,         -,        «        - 

•gl        ll        II       |1       ll 
g  ac  «■  ^00  goo  g  OB 

H  M  5  S  fa 

I'oHtgliicial,  Daun  Stage.  Azillan-Tardenolsian  Cul- 
ture, Of  net,  Istein . .         . .         . .  7 

I'ostglaeial,  Gschnitz  Stage,  Hohlefels.  liate  Mag- 
dalenlan  Culture 7  6  1  5        32 

I'ostglaeial,  Middle  Magdalenian  Culture,  rpiK»r 
Rodent  Strata 10  7         . .  6  8 

Postglacial,    Early    Magdalenian    C*ulture,     Bilhl 

Stage,  Sirgensteln I)  5         . .  5  3 

Postglacial,  High  Magdalenian  Culture,  Thaingen.   15        14  4        13        21 

I*08tglacial,  High  Magdalenian  Culture.  Schwei- 
zersbild  7  2  2  6  8 

Postglacial,  Solutrean  Culture (J  3         . .  2  2 

Postglacial,  Late  Aurignacian  Culture 10  4  1  1  5 

Postglacial,  Aurignacian  Culture.  Sirgenstein. 
Ofnet  7  1  1  13 

IV.  Glacial  Maximum,  Lower  Rodent  Layer 7  4         ..  2  3 

IV.  Glacial  Stage,  Mousterian  Culture 8  5  1  2  4 

The  faiuia  of  Voklinshofen  includes  a  similar  intermingling  of  tundra, 
steppe,  mountain,  and  meadow-forest  types.  The  same  is  true  of  the 
scattered  deposits'*^  in  Thuringia  near  Saalfeld,  Gera,  Jena,  Leipzig,  etc. 
The  loess  fauna  near  WUrzburg,  Bavaria,**'*  also  includes  twenty  species 
of  mammals  divided  into  typically  modern  tundra  forms  of  northern 
Asia,  typical  modern  steppe  forms  of  central  Asia  and  Siberia,  together 
with  the  four  characteristic  great  mammals  of  the  period,  the  mammoth, 
the  woollv  rhinoceros,  urus  and  bison.  The  arctic  character  of  the  fauna 
of  Chateauneuf-sur-Charente*®  in  central  France  is  very  conspicuous, 
most  of  the  species  belonging  either  to  the  tundras  or  the  steppes  of 
modem  Europe.  The  bones  of  many  young  animals  occur  in  this  deposit, 
which  may  be  explained  perhaps  on  the  supposition  that  the  animals  fell 
into  the  fissure  while  the  opening  was  lightly  covered  with  snow,  the 
young  being  the  most  frequently  entrapped.  Among  the  chief  localities 
where  this  grand  Fourth  Glacial  and  Postglacial  fauna  have  been  dis- 
covered are  the  following: 

"  PoHLio,  U. :  **VorllLuflge  Mittbeilungen  Uber  das  Pllstocien,  insbesondere  Thfirin- 
gens,"  SitzuDgsber.  NiederrheiD.  Ges.  Bona,  pp.  2-15.     Mar.  3,  1884. 

**  Nehrino,  a.  :  "Ubersicht  dber  Ylerandzwaxizig  mitteleurop&lsche  Quartllr-Faunen/* 
Zeitschr.  deutsch.  geol.  Ges.,  pp.  468-500.     Jahrg.  1880. 

*  BouLE,  Bf.,  and  Chauvet,  G.  :  "Sur  Texistence  d'une  faune  d'animaux  arctiqaes 
dans  la  Charente  k  r^poque  guatemaire,"  C.  R.  Acad.  Scl.  Paris,  Vol.  XXVIII,  pp.  1188- 
1100.     1800. 
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Localities 

Kesslerlocu  I'ave.  near  Thaingen  (Fig.  9,  37) 
ScHWEizERSBiLD  I'jive.  iieiiF  Sobaflfliausen  (37) 
Scattered  deposits  In  Thurlngia,  in  northern  Germany, 

Saalfeld,  Gera,  Jena,  Leipzig  (29. 30, 31) 
WiJRZBUBO,  Bavaria,  Loess  deposits  (33) 
SwABiA  and  Francoxia,  cave  deposits 
VoKLiNSHOFEN,  Alsacc  (28) 

MoNTMAURiN  Cave  (Haute-Garonne),  Upper  levels  (35) 
ChAteauxeuf-sur-Charente  (Charente)   (36) 


Culture  Zones 

Magdalenlan  Stage 
Magdalenian  Stage 
Aurlgnaclan  and  Solu- 
trean  Stages 

Solutrean  Stage 
Aurignacian  and  Solu- 
trean Stages 
Magdalenlan  Stage 


The  large  mammals  of  the  period  are  more  fully  known  than  in  any 
previous  Pleistocene  sta^e  both  through  palaeontological  researches,  which 
date  back  to  the  beginnings  of  the  science  of  vertebrate  palaeontology  in 
Germany  and  France,  and  through  the  extraordinarily  accurate  carvings 
and  drawings  in  the  caverns  of  Dordogne  and  northern  Spain.  These 
drawings  have  been  reproduced  with  remarkable  fidelity,  chiefly  by 
Breuil.®**  The  chief  elements  in  the  larger  mammal  fauna  were  as  fol- 
lows : 


Forest  and  Meadow  Fauna 
Moose,  Alces  palmatus 
Persian  deer,  Ccrvus  maral 
Red  deer,  Capreolus  capreolus 
Roedeer,  Cervus  elaphus 
Wild  cattle.  Boh  primigcnius 
Bison.  Bison  priscus 
Forest  horse,  Equus  cahallus 
Bear,  Ursus  ftpelwus 
Lion,  Felis  lea  spelwa 
Brown  bear,  Ursus  arcton 
Wild  boar,  8uh  scrofa 

Ti'ndra  Fauna 

Woolly    rhinoceros,   Diceros   antiqui- 

tatis 
Woolly  elephant,  Elephas  primigenius 
Musk  ox,  Ovihos  moschatus 
Reindeer,  Rangifcr  tarandus 
Arctic  fox,  Vxilpes  lagopus 
Elasinothere,  E la sm other ium  sihiri- 
rum 


Schweizershild  Cave  (Fig.  9, 
3T). — The  Magdalenian,  or  rein- 
deer man  apparently  arrived  in 
the  Schaffhausen  region  long 
after  the  maximum  Fourth  gla- 
ciation,  during  the  Biihl  advance, 
the  period  of  deposition  of  the 
"Upper  Eodent"  layer  with  its 
cold  Arctic  and  Steppe  fauna. 
The  deposits  of  the  Schweizers- 
hild cave  as  recorded  by  Neh- 
ring*^  present  the  fullest  succes- 
sion and  extend  over  a  very  long 
period  of  time  as  exhibited  in  the 
following  layers : 

Neolithic : 
r>.  Gray  culture  layer,  forest  fauna. 


«*See  pul)IUatl<»ns  of  AUltfi  llenri  Breuil.  MarceUln  Bouh*.  !>»  Comte  Begouen.  V. 
Bourrlnet,  L.  Capltan.  Kmlh*  ('artallhac.  fjilanne.  Lartet  and  Christy,  D^helette.  Hngo 
Obermaler.    ^^.vrony,  Iteinach.     Others  are  In  preparation. 

«Nbhbi.vo.  a.:  "Obersicht  Uber  vlenindswanzlg  mlttelenropftlsche  Quartlr-B^uoeD.** 
Zeltschr.  DeutRch.  Geol.  Ges..  pp.  468-50».     1880. 

:  "IMe  kleineren  Wlrbeltlere  vom  Schwelsersblld  bel  Schaffhausen."     Denkschr. 

allg.  BchweU.  Ges.  gesllm.  Naturwlss.,  Vol.  xxxv,  pp.  41-77.     1896. 
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Steppe  Fauna 

Saiga  antelope,  Antelope  aaif/a 
Asiatic  wild  ass,  Equus  hemionus 
Wild  horse,  E.  przewalakii  f  sp. 
Jerboa,  Alactaga  jaculua 
Desert  horse,  E.  caballua  celticus 

Alpine  Fauna 
Ibex,  Ibex  priscua 
Chamois,  Rupicapra 


I'ala'olithlc,  Magdalenian : 

4.  Upper  Breccia,  or  "Upper  Ro- 
dent" layer,  steppe  fauna. 

3.  Yellow  culture  layer,  palseolithic 
"Reindeer  Age,"  steppe  fauna. 

2.  r^wer  Breccia,  or  "Lower  Ro- 
dent" layer,  animal  remains 
and  traces  of  man,  tundra 
fauna. 

1.  Diluvial  layer.     No  fossils. 


(.2)  Of  these  the  "Lower  Rodent"  layer  contains  a  pure  arctic  tundra 
fauna,  such  as  the  vole,  hare,  fox,  the  reindeer,  tlie  ptarmigan.  There 
are  no  traces  of  man.  In  the  layer  above  these  the  early  steppe  animals 
begin  to  appear,  the  hamsters  and  picas.  (3)  Then  in  the  ''Yellow  Cul- 
ture" layer  there  is  an  assemblage  of  pure  steppe  forms,  susliks,  dwarf 
picas  and  wild  horses,  all  pointing  to  the  absence  of  forests :  hut  at  the 
top  of  this  layer  the  first  squirrel  (Sciurus)  appears  as  the  harbinger  of 
forests.  (4)  In  the  "Upper  Rodent"  layer  the  steppe  fauna  begins  to  be 
intermingled  with  an  increasing  number  of  forest  types,  such  as  squir- 
rels, dormice,  and  the  pine  marten.  (5)  Finally  we  reach  tlie  "(iray 
Culture"  layer,  composed  of  the  modern  forest  dwellers,  such  as  the  squir- 
Tel,  the  beaver,  the  pine  marten,  the  stag,  the  roe,  the  wild  boar,  the 
brown  bear.  The  "Lower  Rodent"  layer  is  contemporaneous  with  the 
Mousterian  culture,  while  the  ''Upper  Rodent"  layer  belongs  to  Magda- 
lenian times.  The  uppermost  "Gray  Culture"  layer  with  its  forest  faima 
belongs  either  to  the  closing  Palfeolithic  or  to  Neolithic  times. 

Kesslerloch  Cave. — Similar  conclusions  result  from  the  studv  of  the 
geologic  conditions  surrounding  the  Kesslerloch  Cave  of  Thaingen  in 
Switzerland  (Fig.  9,  37).  This  famous  cave  lies  on  the  edge  of  a 
moderately  wide  valley,  traversed  by  a  brook.®^  In  this  sheltered,  well- 
watered,  hilly  region,  woods  flourished  and  harbored  the  forest  animals, 
at  the  same  time  that  the  glaciers  retreating  southward  left  damp  and 
stony  areas,  closely  followed  by  a  tundra  fauna.  The  woolly  rhinoceros 
and  the  mammoth  persisted  longer  here  than  in  other  parts  of  Europe. 
As  analyzed  by  Nuesch,  we  discover  here  mammals  distinctive  of  the  tun- 
dras, of  the  steppes,  of  the  modern  Alps  (marmot,  chamois,  ibex),  of  the 
meadow- forests  (bison,  urus),  and  finally  of  the  modem  forest  type  (lion, 
wolf,  brown  bear,  pine  marten,  squirrel,  wild  boar,  and  stag).  These 
mammal  zones  undoubtedly  correspond  with  the  passing  or  evolution  of 


*>  NObsch,  J.  :  "Das  Kesslerloch,  elne  H5hle  aus  palftolltbischer  Zelt.  Neue  Grabungen 
und  I'Mnde."  Neue  Denkschr.  aUj?.  scnwelz.  Ges.  gesam.  Naturwiss.,  Vol.  XXXIX,  Pt.  2, 
pp.    1-72.     1904. 
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several  human  culture  stages  (perhaps  the  Aurignacian,  Solutrian,  and 
Magdalenian).  While  the  tundra  fauna  was  pushing  southward  into 
the  heart  of  Switzerland,  it  had  already  vanished  from  central  Germany, 
Belgium  and  France,  where  it  had  been  superseded  by  a  steppe,  or  even 
a  meadow-forest  fauna.  The  human  artifacts  show  that  these  deposits 
are  contemporaneous  with  those  of  Schweizersbild,  both  belonging  to 
Magdalenian  times.  A  hearth,  with  ashes  and  coals,  and  many  charivd 
bones  of  old  and  young  mammals,  including  the  woolly  rhinoceros,  have 
been  found  here.  The  human  remains  show  that  a  race  of  pigmies  dwelt 
here  smaller  even  than  the  small  men  of  Schweizersbild,  their  height 
being  estimated  at  120cm.  (4  feet).®*  The  horse  of  Kesslerloch  shows 
many  resemblances  to  the  Przewalsky  horse  of  the  high  steppes  of  Cen- 
tral Asia.'* 

It  is  characteristic  of  these  faunas  that  among  species  still  living  are 
mingled  remains  of  the  great  extinct  mammals  of  the  times.  Another 
feature  is  that  occasionally  the  Steppe,  Tundra  and  Forest  faunas  are 
found  either  nearly  pure  or  entirely  distinct  and  separate  as  in  the  lower 
deposits  of  Thiede  near  Braunschweig,  above  cited.  More  often  as  in 
Schweizersbild  and  Kesslerloch  they  are  successive  or  superposed  upon 
each  other. 

Beside  the  cavern  deposits  are  those  in  the  loess.  Thus  in  the  "Upper 
Loess'*  near  Wiirzburg,  Bavaria,  Nehring®**  has  recorded  both  a  Tundra 
and  a  Steppe  fauna,  including  beside  the  still  living  types  the  woolly 
rhinoceros,  the  mammoth,  the  urus  and  the  bison. 

MIGRATIONS    OF    THE    LARGE    MAMMALS    OP    THE    FOURTH    GLACIAL    AND 

POSTGLACIAL    PERIOD 

Over  the  greater  part  of  the  Iberian  Peninsula  the  stag  (Cervus 
elaphus)  took  the  place  of  the  reindeer.  There  is  no  trace  of  the  en- 
trance of  the  Steppe  Fauna  at  any  period  into  Spain  or  Portugal.  The 
Pyrenees  also  presented  a  barrier  to  the  greater  part  of  the  tundra 
fauna,  yet  the  Norwegian  lemming  (Myodes  lemmus)  penetrated  Por- 
tugal to  the  vicinity  of  Lisbon.  The  cold  fauna  {E.  primigeniuSy  E. 
antiquitatiSy  U.  spelceus,  F,  speloea)  is  not  represented  in  Portugal,  but 
E.  primigenius  has  been  discovered  in  two  localities  on  the  extreme 
northern  coast  of  Spain,  in  the  Province  pf  Santander  bordering  the 
Bay   of   Biscay.     7).    antiquitatis   also    occurs    in   the   same   province. 

"  NCFsni  :  op.  Ht.,  p.  21. 

**  Sti  DER,  T. :  *'Dle  Knochenreste  aus  der  HOhie  xam  KeMlerloch  bei  Thayogen,"  Neu« 
Denkschr.  allg.  schwelz.  Ges.  gesam.  Naturwlss..  Vol.  XXXIX.  Pt.  2,  pp.  78-112.     1904. 

""Nehrixq,  a.:  "Ubereicht  (Iber  vleniDdswaDzig  mlttelearopftlache  Quartlr-Faunen/* 
Zeitschr.   Deutsch.  Geol.  Ges.,   pp.   468-{M>9.     1880. 
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Kangifer  tarandus  is  found  in  the  cavern  of  Serinya  south  of  the  Pyre- 
nees (Torralba).  It  also  has  been  recorded  recently  (Obermaier)  in 
the  cavern  of  Altamira,  near  Santander.  The  Alpine  chamois  (Rupi- 
capra)  occurs  south  of  the  Pyrenees  and  the  ibex  is  traced  to  Gibraltar. 

Thus  Harle*"  concludes  it  is  certain  that  the  **cold  fauna"  of  France 
spread  along  the  northern  coast  of  Spain  flanking  the  Pyrenees  into 
Catalonia,  including  the  mammoth,  reindeer,  chamois,  woolly  rhinoceros, 
and  spreading  as  far  west  as  Santander.  This  is  also  the  range  of  the 
Cro-Magnon  race  of  men. 

Mammoth, — The  woolly  mammoth  (E.  primigenius)  now  reaches  the 
height  of  its  evolution  and  specialization.  As  preserved  in  the  frozen 
tundras  of  northern  Siberia  and  as  represented  in  very  numerous  draw- 
ings and  engravings  by  the  Upper  Palaeolithic  artists,  it  is  the  most  com- 
pletely known  of  all  fossil  mammalia.  Its  proportions  as  shown  in  the 
accompanying  figure,  which  represents  the  information  gathered  from 
all  sources,  are  entirely  different  from  those  of  either  the  Indian  or 
African  elephant.  The  head  is  very  high  and  surmounted  by  a  great 
mass  of  hair  and  wool.  Behind  this  is  a  sharp  depression  separating  the 
back  of  the  head  from  the  great  dorsal  hump.  The  hinder  portion  of 
the  back  falls  away  yery  rapidly  and  the  tail  is  short.  The  overcoat  of 
long  hair  nearly  reaches  the  ground,  and. beneath  this  is  a  warm  under- 
coating  of  wool. 

As  described  by  Salensky^^  from  the  wonderfully  complete  specimen 
discovered  in  1901  on  the  banks  of  the  Beresowka  River  in  northeastern 
Siberia,  this  animal  developed  characters  which  absolutely  exclude  the 
possibility  of  its  ancestry  or  relationship  to  the  existing  Indian  elephants. 
The  hind  foot  was  four-toed,  or  tetradactyl,  and  not  five-toed  as  in  the 
living  forms.  The  head  was  larger  as  compared  with  the  length  of  the 
body  than  in  recent  elephants,  a  character  which  stands  in  close  connec- 
tion with  the  enormous  development  of  the  tusks;  these  were  distin- 
guished by  their  spiral  form,  the  points  directed  inward.  The  ears  were 
very  small  and  covered  with  hair.  The  tail  was  relatively  shorter  than 
in  the  existing  elephants  and  was  provided  with  a  tassel  of  long,  bristly 
hair  at  the  end.  The  color  of  the  hair  was  vellowisli  brown,  var}'ing 
from  light  brown  to  pure  brown,  and  a  coat  of  woolly  hair,  2  to  21/4  cm. 
in  length,  covered  the  whole  body.  Interspersed  with  these  were  a  large 
number  of  longer  and  thicker  hairs  which  formed  mane-like  patches  on 

**  Habl£,  Edouasd  :  "Lea  Mammlf^res  et  oiseaux  quaternalres  connus  Jusqu*ici  en 
Portagal.  Memoire  saivi  d'une  listo  gto^rale  de  ceiiz  do  la  P^ninsule  Ib^rlque."  Com- 
munlc.  du  Service  G4ol.  du  Portagal,  Tom.  vlli.  pp.  22-8r».  i>ll.  I-V.     Lisbon.  3910. 

•^  Salrnhky,  W.  :  Cber  die  Hauptresultate  der  Erforschung  des  Im  .labre  1901  am 
Ufer  der  Beresowka  entdeckten  mitnnllchpn  Mammutcadavers,"  C.  K.  S^a.  Six.  Congr. 
Internat.  Zoiil.,  pp.  67-86.     Berne.  1904. 
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the  cheeks,  on  tlie  chin,  on  tlie  shoulders,  flanks,  abdomen,  etc.  A  broad 
fringe  of  this  long  hair  extended  along  the  sides  of  the  body  as  depicted 
in  the  [iiil:i>;jlithii-  sketi-lies  from  the  l.'ombavel les  Cave  discovered  by 
Capitan  and  Breiiil  in  1901.  Especially  intereeiing  is  the  food  found 
in  the  stomacli  and  mouth,  which  consists  of  a  meadow  flora  such  ag 
characterizes  this  reftioii  of  Siberia  at  the  present  day,  thus  appearing  to 
disprove  the  theory  that  the  climate  was  milder  than  that  now  prevailing. 
Nor  does  it  apjicar  that  it  was  more  frigid,  beraiise  there  are  few  repre- 


sentatives of  tuinira  vegetation.  Grasses  {Gramineiv)  and  sedges  (Cy- 
peraceo')  predominate.  There  were  also  wild  thyme  (Thymus),  beans 
of  the  wild  o.xytropis  {Oxijtropin  compestris),  seeds  of  the  alpine  poppy 
(Paparer),  and  the  boreal  variety  of  the  upright  crowfoot  (Ranutumlua 
arer).  all  still  found  in  this  region. 

Woolh/  RhinofeTV».~The  woolly  rhinoceros  (I),  antiquitatis,  D.  tick- 
oiliinu>!)  is  distinctly  a  cold-weather,  or  tundra  form  and  the  invariable 
companion  of  the  mammoth.  Like  D.  mervkii  it  has  no  front,  or  cut- 
ting te<'th  bcn<e  it  has  been  improperly  considered  as  related  to  this  spe- 
cies, but  it  really  Itelongs  to  the  modem  African  group  of  Diceron  (Ate- 


300  .iv.v.ir-.S'  .Yf;ir  york  .ic.ioA;j/r  of  «c /a'-V</-:« 

lo'lu'i).  which  is  distinguished  by  a  verj-  elyiigate  fivjut  horn  (Fig-  19) 
anrl  a  small  posterior  horn,  as  in  the  existinfr  wliite  rhinoceros  {D. 
Btmua)  of  Africa.  The  resemblance  of  the  cave  drawings  of  the  Pleisto- 
cene animal  to  the  living  form  is  very  close  indeed  e^ecpt  as  regards  the 
heavy  coat  of  hair,  which,  as  in  ihe  mammoth,  extends  far  below  the 
body.  The  hair  of  the  face,  of  a  golden  lirowu  color  with  an  under- 
covering  of  wool,  is  preserved  in  the  St.  Petersimrg  Museum.  Through 
a  discovery   (1911)   at  Starunia'*  in  East  Galicia  this  animal  is  now 


of  Ihe  BULhor.  inj4.     nrlglaal  In  the 
American   MiiK-nm  of  Namml    IllHii.ry.   New  Vnrk  nty. 

completely  known  to  ns  except  ilie  lull.  The  remains  of  the  woolly 
rhinoceros  were  found  at  a  depth  of  13.6m.,  incUiding  the  head,  the  left 
fore  leg  and  the  skin  of  the  left  sidi>  of  the  body,  all  witli  the  muscula- 
ture but  lacking  the  hair.  The  Starunia  specimen  exhibits  a  broad, 
truncated  up[H'r  lip.  siiinll.  iibli(|uc  eyi-s.  curs  hiiig.  luiirou*  and  pointed, 
a  long  nasal  horn  with  oval  base  and  shnrter  fiontfll  horn,  a  short  neck, 

"NiEiiABiTowaKi.  K.  I..:  "Itle  ('liiTrciilo  d™  )ii  Siariiiilu  In  cinirr  Erdivacliagrube  tnlt 
Uaut  und  WekblellvD  K^Cimdi'ni'n  lthmwc.;H  a,iltv«'latt,  HLitm.  {tb-horhtnui  Flaeb.). 
Vorlaiillie  MmelluoR."     Kull.  Anirl.  sd.  I'l-awvli-,  Spr.  H,  ri|>-  -2411 -■.•(17.     .Viirll.  Iftli. 
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on  the  liaek  of  which  is  a  small  hump  i|uite  IndepeiideDt  of  the  skeleton. 
The  larger  hump  on  the  shoulders  is  formed  by  the  long  veriebral  spines. 
The  legs  are  comparatively  short.  The  ekin  is  smooth.  Niezabitoweki 
obsen-es  that  D.  atiliijuiialiji  resembles  D.  simiix  most  closely,  having  in 
common  the  elongate  head  with  promineni  orbits,  the  truncated  npper 
lip,  the  hump  on  the  neck,  and  the  short  legs;  it  differs  from  D.  simwt 
in  the  somewbat  narrower  mnzzle.  small,  pointed  ears  and  the  presence 
of  a  thick  <'Onting  of  hair. 


n-iKiUy  rhinoceros." 


Like  7).  simiis,  D.  anliqui'alis  was  a  plainR  dweller  living  on  grass  and 
small  herbs.  The  woolly  rhinoceros  was  confined  more  closely  to  the 
edpes  of  the  great  ice  sheets  than  the  mammoth:  that  is.  it  did  not 
mifrratc  so  far  to  ihc  siouth,  stopping  at  the  Alps,  while  the  mammoth 
wandered  into  Italy  as  far  south  as  Rome. 

ElasmotkercB. — The  elasmothere  (Elasmotkertum  s^ericum)  was  an- 
other companion  of  the  mammoth  which  ranged  over  eB8t«rn  Europe, 
Qcnnany,  and  soulhem  Siberia.  It  was  probably  a  steppe  dweller.  In 
Pleisioceue  times  it  is  reported  as  occurring  as  far  south  as  Sicily.**     It 

••  Bkandt.  J.  F. ;  "UlttbellUDged  Ulwr  die  Gattung  BUumolheriunt,  twaonder*  SMI 
Schildpllmu  ili-r-i-Uwn."  Mem.  Aiiiil.  lni|ier.  Hrl.  rUri'mlnnirB.  8er.  Vll.  Vol.  XXVI.  -No.  (1, 
SI.  IVi^n-lMirj:.  IkTs.  mii]  ilAiiiin  Hni]  IVii  i.K.  ".Mnii<rlaiii  pour  I'HlBtolre  dn  TpDips 
UiialrmalrH."     Paic.  31.     T.'Elaimollwrliim.     Parli.  188B. 


308  ANXALS  yEW  YORK  ACADEMY  OF  SC/E\('ES 

is  a  gigantic  animal,  distinguished  from  all  the  European  Pleistocene 
rhinoceroses  by  the  entire  absence  of  the  anterior  horn  an<l  the  pos- 
session of  an  enormous  horn  situated  on  the  forehead  l)etween  the  eves; 
also  by  the  elaborate  foldings  of  its  dental  enamel,  to  which  the  name 
Elasmotherium  refers.  Its  hypsodont  and  folded  teeth  were  especially 
adapted  to  a  grassy  diet,  and  Gaudry  connects  its  appearance  in  Europe 
with  the  extensive  deforestation  accompanying  the  Steppe  and  Tundra 
periods  of  mammalian  life.  It  apparently  wandered  into  Europe  from 
central  Asia  and  never  became  ver}^  abundant.  The  elasmothere  is  pos- 
sibly descended^**®  from  the  Aceratherium  of  the  Upper  Miocene  of  Ep- 
pelsheim  which  has  perfectly  smooth,  pointed  nasals,  and  the  rudiment 
of  a  horn  between  the  eves. 

Horses  of  the  Pleistocene. — The  horse  was  distributed  all  over  the 
northern  hemisphere  in  Pleistocene  times  in  the  Glacial,  Interglacial, 
and  Postglacial  Epochs.  In  America  no  Postglacial  horses  are  found. 
In  Europe  horses  were  apparently  abundant  in  Postglacial  times  and 
two  of  the  natural  breeds  appear  to  have  given  origin  to  two  of  the 
modern  domesticated  types.  The  horses  of  the  long  warm  Second 
Interglacial  Stage  were  remarkable  for  their  great  size  {E.  siissenhoni' 
ensis,  E,  mosbachensis)  which  exceeded  that  of  the  largest  recent  breeds 
(Pohlig,  1907).^®^  According  to  Pohlig  the  horses  were  at  all  times  ac- 
companied by  the  wild  asses  (E.  hemionus)  but  this  we  are  inclined  to 
believe  was  a  special  feature  of  the  dry  and  cold  steppe  periods  in  which 
we  should  expect  to  find  asses  similar  to  the  dzeggetai  of  Asia  of  present 
time.  The  existing  wild  ass,  or  kiang,  of  the  Asiatic  steppes  certainly 
appears  in  early  Postglacial  times  at  Wildscheuer,  Thaingen,  Kessler- 
loch,  and  Schweizersbikl  associated  with  the  late  Aurignacian  Palaeo- 
lithic culture.  Reference  of  the  ancient  Pleistocene  horses  to  E.  cahallus 
is  certainlv  erroneous.  The  connection  f>f  these  ancient  Pleistocene 
horses  with  the  modern  species  and  races  requires  further  investigation. 

We  should  expect  to  discover  in  Europe  horses  of  three  different  habi- 
tats or  life  zones,  namely,  of  the  dry  African- Asiatic  plains,  of  the 
Eurasiatic  forests  and  meadows,  of  the  tundras  and  steppes.  Such  an- 
ticipation appears  to  be  verified  through  the  new  lines  of  study  instituted 
by  Ewart^°^  since  1004.  Following  more  or  less  closely  the  work  of  pre- 
vious students  of  the  Eqnida?  he  has  shown  that  the  different  wild  breeds 
of  horses  have  evolved  in  three  kinds  of  environment.     Thus  we  discover 


**08BOBN.  \l.  F.  :  "Frontal  Horn  on  Ueratherium  inriaii'um.  Relation  of  the  type 
to  FAaamotherlam."  Science,  N.  S.,  Vol.  IX,  No.  214.  pp.  161-162.     Feb.,  1899. 

*®*  PoHLio,  H. :  Elszelt  und  TTrsreachlchte  des  Mpn»chen.     Leipzig,  1907. 

i***  EwART.  J.  CossAR  :  "The  Multiple  Origin  of  llorsps  and  Ponies."  Tran8.  High- 
land. Agrlc.  Soc.  of  Scotland,  pp.  1-.39.     1904. 
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horses  adapted  to:  (1)  forests  and  upland  valleys;  (2)  high,  dry,  cold 
steppes;  (3)  warm  deserts  and  plateaus.  In  these  three  chief  habitats 
the  horses  may  be  respectively  known  as  the  "forest  horse,"  the  "steppe 
horse,"  and  the  "desert  horse."  Each  has  its  distinctive  coloring,  tooth 
structure,  and  proportions  of  the  skull,  body  and  limbs,  in  adaptation  to 
its  peculiar  mode  of  life. 

The  forest  horse  is  relatively  a  large,  clumsy  animal.  The  face  is 
arched,  as  in  the  modern  draught  horse.  The  limbs  are  short,  the  front 
cannon  bone  (Mtc.  Ill)  being  short  and  stout,  the  length  only  514  times 
the  width.  The  tail  is  depressed  in  contrast  with  that  of  the  desert 
horse.  According  to  Ewart  this  type  of  horse  {E.  rohiustiis)  occurs  at 
Solutre  and  in  the  Neolithic  deposits  of  Ilford  (Essex),  and  Kent.  In 
Aurignacean  times  Solutre  was  the  site  of  a  great  open  air  Palaeolithic 
camp.  Toussaint  enumerates  fragments  of  at  least  100,000  horses, 
which  mingled  with  other  bones  of  the  chase  formed  a  sort  of  rampart 
around  the  camp.  The  majority  of  these  horses  belonged  to  the  stout- 
headed,  short-limbed  forest,  or  Norse  type,  measuring  54  inches  (13.3 
hands)  at  the  withers,  the  size  of  the  existing  pony.'"*'*  The  large  joints 
and  hoofs  were  especially  adapted. to  the  low-lying  marshy  ground  in  the 
vicinit}'  of  forests,  and  the  long  teeth  and  powerful  jaws  were  adapted  to 
feeding  during  parts  of  the  year  on  coarse  grasses,  roots  and  other  hard 
substances.  There  is  no  evidence  that  the  men  of  the  Aurignacean  age 
either  bred  or  reared  these  animals.  The  majority  of  the  remains  are 
those  of  horses  from  five  to  seven  years  of  age.  This  type  of  horse  is 
engraved  on  the  walls  of  the  cave  of  Combarelle,  where  the  drawings  are 
chiefly  of  old  Magdalenian  age  and  the  pure  forest  type  of  horse  is  most 
frequently  represented.  There  is  also  a  small,  fine-headed  type  suggest- 
ing the  desert  horse,  and  a  larger,  long-armed  type  suggesting  the  wild 
ass. 

The  desert  horse  is  the  Pleistocene  animal  identified  bv  Richard  Owen 
as  an  ass  (E.  asinxis  fossilis),  but  considered  to  be  a  horse  by  Ewart  and 
named  by  him  E,  grcwilvi.  This  is  a  small  animal,  not  over  12.2  hands 
in  height,  slender-limbed,  with  long,  slender  front  cannon  bones  (Mtc. 
Ill),  the  length  being  7I/2  times  the  width.  The  head  is  small,  the  face 
fine  and  narrow,  with  a  straight  profile  only  slightly  deflected  upon  the 
cranium.  The  internal  cusp  (protocone)  of  the  upper  molars  is  short. 
Remains  of  an  animal  of  this  type  are  found  in  the  Pliocene  of  Italy 
(small,  slender-limbed  varieties  of  E.  stenonis)  and  France,  and  in  the 
Pleistooone  of  France  and  northern  Africa.  It  agrees,  so  far  as  known, 
with  the  existing  Celtic  pony  t\'pe  (E.  cdbdllus  celticus),  a  variety  of 


i'«  Ewart  :  Op.  cit. 
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horse  distinguished  by  small,  fine  head,  large  eyes,  slender  limbs,  five 
lumbar  vertebrae,  now  found  in  more  or  less  pure  form  in  the  outlying 
islands  and  on  the  coast  of  western  Europe.  This  animal  is  believed  to 
be  a  northern,  hardy,  thick-coated  relative  of  the  pure  desert  type,  better 
known  as  the  Arabian,  which  gave  rise  to  the  modern  thorou^^^librod. 
Perfect  representations  of  this  type  of  horse  are  found  in  the  engravings 
and  mural  paintings  of  the  Magdalenian  artists  in  the  caverns  of  Font 
de  Gaume,  Combarelle,  and  Grotte  de  la  Mairie. 

A  possible  contributory  to  the  desert  breed  of  the  Pleistocene  and  of 
the  modern  domesticated  horses  is  the  animal  of  the  E,  sivalensis  type  of 
the  Upper  Pliocene  in  the  Siwaliks  of  India.  This  animal  is  tall,  with 
long,  fairly  slender  limbs,  long  neck,  well  elevated  tail,  long  face,  which 
is  strongly  deflected  on  the  cranium  with  a  slightly  convex  profile  and 
broad  brow,  and  teeth  with  a  narrow  protocone. 

Bears. — The  Postglacial  bears  (Ursus  spelceus)  are  found  in  greater 
abundance  than  the  lions.  They  include  a  gigantic  and  a  smaller  va- 
riety. The  former  (Ursvs  spela'us)  nearly  equalled  the  larger  recent 
bears  in  size  and  were  more  thick-set  and  of  heavier  proportions;  the 
front  paws  especially  were  of  tremendous  size.  During  a  long  period 
the  cave  bears  undoubtedly  haunted  the  caverns  undisturbed  by  Palaeo- 
lithic  man  and  developed  certain  peculiarities  of  structure  in  these 
haunts :  thus  the  claw-bearing  phalanges  are  feebly  developed,  indicating 
that  the  claws  had  partly  lost  their  prehensile  function;  the  anterior 
premolar  teeth  are  practically  vestigial ;  the  cusps  of  the  grinding  teeth 
are  blunted  in  a  wav  which  is  indicative  of  an  omnivorous  diet.  It  would 
appear,  therefore,  that  the  large  herbivorous  mammals  and  even  primi- 
tive man  found  no  veiy  formidable  enemy  in  the  cave  bear.  While  the 
other  and  smaller  races  were  contemporary,  there  are  certain  indications 
that  the  smaller  race  (Urstis  suh-spela'us)  was  geologically  older,  being 
found  at  Mosbach  during  the  Second  Interglacial  Stage.  Both  races 
became  extinct  during  Postglacial  times  without  leaving  descendants. 

The  ancestor  (Ursu^  arctos  priscvs)  of  the  brown  bear  of  Europe,  by 
some  believed  to  be  a  descendant  of  the  etruscan  bear  (Ursus  etruscus) 
of  the  First  or  Norfolkian  Interglacial  Stage,  is  also  occasionally  found 
in  the  Pleistocene  cave  deposits.  It  is  not  so  large  as  the  cave  bear  and 
while  it  has  been  mistakenly  identified  with  the  American  grizzly  {TJ, 
horrihilis)  in  reality  it  has  closer  affinities  to  the  European  brown  bear 
(Ursus  arctos). 

The  badger  (Meles  taxus)  also  probably  originated  in  west-central 
Asia,  sinre  the  only  other  species  known  are  confined  to  Asia.     The  two 
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extinct  Lower  Pliocene  species  are  found  in  Maragha^  Persia  (M,  polaJd, 
M.  Maraghanus)}^^ 

TKAN8ITI0N  TO  THE  EUBOPEAN  FOKEST  STAGE 

This  transition  is  believed  to  have  begun  late  in  Postglacial  timfes, 
toward  the  end  of  the  Magdalenian  culture  period.  Evidence  that  the 
mammoth  fauna  lingered  late  both  in  the  Dordogne  region  of  central 
France  and  to  the  north  is  found  in  the  abundant  representation  of  the 
mammoths  in  the  very  latest  paintings  and  engravings  by  the  Magda- 
lenian artists. 

MIGRATION  OF  THE  TUNDRA  FAUNA 

The  backward  or  northward  migration  of  the  Tundra  fauna  is  be- 
lieved to  have  occurred  in  the  following  manner.^®*  As  the  glacial  caps 
retreated  they  left  barren  stretches  behind  them  and  the  valleys  and 
plateaus  now  free  from  ice  became  tundras  where  swamps  alternated 
with  patches  of  polar  willows  and  stunted  fir  trees,  while  other  areas 
were  covered  merely  with  low,  scrubby  birches  or  reindeer  moss  and 
lichens.  As  these  climatic  conditions  shifted  northward  before  the  re- 
treat of  the  great  Scandinavian  glaciers  the  Tundra  fauna  followed.  It 
was  a  slow  change  that  drove  the  Tundra  mammals  toward  the  dry  re- 
gions of  the  east  to  make  room  for  the  forests  and  their  faunas  advancing 
from  ihe  south.  It  is  clear  that  the  north  and  east  were  the  only  direc- 
tions of  retreat  for  the  damp  climate  and  the  spread  of  the  woodlands. 

RETREAT  OF  THE  STEPPE  FAUNA 

As  long  ago  as  1890  Nehring^**  held  that  the  Steppe  period  of  central 
Europe  was  partly  in  Postglacial  times.  This  opinion  was  supported  by 
Woldrich  (1896),^®^  and  has  been  abundantly  confirmed  by  Harl^'s  ob- 
servations in  southern  France  and  by  the  recent  researches  of  Koken  and 
Schmidt.  Steppe  conditions  of  climate  appear  probable  from  the  exten- 
sive depositions  of  the  ^^Newer  Loess"   in   Postglacial  times    (Koken, 

10*  ScuABFF,  R.  F. :  The  History  of  the  European  Fauna,  p.  44.     London,  1899. 

i<*  Studer,  T.  :  "Die  Tierreste  aus  den  plelstocsenen  Ablagerungen  des  Schweizers- 
bildes  1)€!  Schaffhausen."  Neue  Denkschr.  allp.  schwolz.  <Wh.  Gesam.  Naturwlss..  Vol. 
XXXV.   pp.   1-38.     1896. 

1^  Nehbino,  a.  :  t)ber  Tundren  und  Steppen  der  Jctzt-  und  Vorzelt,  mlt  besonderer 
Beriickslchtigung  Ihrer  Fauna,  pp.  81-166.     Berlin.  1890. 
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Schmidt).  On  the  other  hand,  Kobelt^***  and  Scharflf^^'  agree  in  think- 
ing that  the  presence  of  Steppe  mammals  affords  inadequate  proof  of  the 
steppe  character  of  the  country  in  Inter-  and  Postglacial  times.  The  de- 
posits of  the  "Newer  Loess"  in  Postglacial  times  point  to  a  dry  stepi>e 
period  because  according  to  the  theory  of  Hichthofen,  which  is  now  gen- 
erally accepted,  the  loess  owes  its  origin  to  wind-borne  dust  and  sand 
acting  under  the  influence  of  a  dry  climate  either  in  summer  or  winter. 
The  Steppe  Fauna  in  deposits  at  several  points  is  shown  to  have  lin- 
gered longer  than  the  Tundra  famia.  As  regards  the  lingering  of  the 
Steppe  Fauna  it  is  indicated  in  the  succession  of  the  three  rodents  char- 
acteristic of  the  Tundra,  Steppe  and  Forest  conditions  respectively, 
namely : 

Forest  cUinate  and  conditions,  the  squirrel  (Sciurus  vulgaris) 
Steppe  climate  aud  conditions,  the  Jerboa  (Alactaga  jaculus) 
Tundra  climate  and  conditions,  the  banded  lemming  (Myodes  torquatus) 

The  absence  of  fossil  plants  in  the  deposits  of  the  steppe  period  is  due 
to  the  unfavorable  conditions  for  the  preservation  of  plant  remains. 
Small  stretches  of  woodland  were  probably  confined  to  the  banks  of 
rivers,  to  favorable  mountain  slopes,  etc.  The  flora  was  probably  like  that 
of  eastern  Eurasia  or  southwestern  Siberia  to-day.  In  their  migrations 
such  animals  as  the  jerboa  which  were  unable  to  swim  presumably  crossed 
the  rivers  while  frozen  over. 

Saiga. — Of  the  Steppe  fauna  (fully  described  on  p.  248)  the  saiga 
antelope  (Saiga  tartarica)  has  at  the  present  time  retreated  to  the  steppes 
of  eastern  Europe  and  western  Siberia.  This  animal  is  represented  in  the 
carvings  and  engravings  of  Upper  Palaeolithic  or  late  Magdalenian  times 
in  the  Dordogne  region  of  France.  Its  fossil  remains  have  been  found  in 
thirteen  localities  in  southwestern  France  in  association  with  a  cold 
steppe  famia.  In  the  same  region  have  been  found  remains  of  the  mu^ 
ox   (Ovibos), 

SURVIVAL  OF  FOREST  AND  MEADOW  FAUNA 

The  final  retreat  of  the  cold  faunas  of  the  tundras  and  steppes  occurred 
during  the  late  stages  of  the  Upper  Palaeolithic  Magdalenian  culture. 
The  most  advanced  Magdalenian  art  continues  to  represent  the  woolly 
mammoth  in  the  cavern  of  Font  de  Gaume  (Dordogne)  and  elsewhere, 
but  in  the  very  latest  Magdalenian  culture  stages  it  would  appear  that 
the  mammoth  and  woolly  rhinoceros  were  becoming  rare.     This  final 


»<*  KOBELT.  W.  :  DIo  Verbreltunif  d«?r  Tlorvvelt.     Gomasslgte  Zone.     Leipsig,  1902. 
^•»  ScnABKF,  K.  F.  :  The  History  of  the  European  Fauna.     London,  1899. 


OSBORX,  REVIEW  OF  THE  PLEISTOCENE  313 

Magdaleiiian  culture,  which  is  correlated  with  the  Gscliuitz  advance 
(Schmidt,  op.  cif.,  p.  270),  is  later  than  the  Steppe  period  of  the  **Upi)er 
Rodent"  layer,  which  is  correlated  with  the  preceding  Biihl  advance. 

At  the  same  time  the  Cro-Magnon,  or  Aurignacian  type  of  Homo  so- 
piens,  which  we  believe  to  be  the  artistic  race  of  the  Reindeer  period,  dis- 
appears or  becomes  greatly  reduced  in  numbers  and  new  brach y cephalic 
and  dolichocephalic  races  of  men  enter  Europe. 

Azilian-Tardenoismn,  Final  Upper  PalfFolWiic  Culture, — This  is  re- 
•rardcd  as  the  closing  culture  of  Upper  PalaM)lithic  times.  Tt  is  be- 
lieved to  be  associated  with  the  newly  arriving  broad-headed  Furfooz- 
GreneUe  race.  Although  this  point  is  not  positively  determined  this 
race  is  first  found  at  Of  net  in  Bavaria.  It  is  readily  distinguished  from 
the  preceding  Magdalenian  culture  by  the  degeneration  of  the  stone  in- 
dustry into  microlithic  and  other  types  and  by  the  entire  disappearance 
of  art  in  all  its  forms.  The  Azilian  culture  is  essentiallv  Pateolithic 
although  it  embodies  only  its  last  degenerate  stages.  While  the  perfec- 
tion of  the  older  crafts  was  lost  forever  the  Neolithic  arts  of  polishing 
stone,  making  pottery,  cultivating  land  and  domesticating  animals  are  as 
yet  utterly  unknown.  The  Azilian  is  the  age  of  the  stag  for  there  is  no 
kmger  any  trace  of  the  reindeer  or  other  Tundra  forms.  The  bone  imple- 
ments arc  now  made  of  the  horns  of  the  stag.  The  Tardenoisian  culture, 
supposed  by  some  to  be  distinct  from  the  Azilian,  is  characterized  by  flint 
microliths  of  unusual  fineness,  but  it  appears  that  the  Azilian  and  Tarde- 
noisian cultures  are  contemporary  (Obermaier,  1912). 

There  were  two  or  more  human  races  in  Europe  in  these  pre-Neolithic 
times  including  brachy cephalic  and  dolichocephalic  types  which  are  found 
commingled  at  Furfooz.  In  the  meantime  Palaeolithic  races  were  ad- 
vancing in  the  north  along  the  shores  of  the  Baltic  and  preceding  the 
Campignian  culture,  which  is  the  first  of  the  Neolithic  arrivals  in  the 
Baltic  region. 

Forest  Fauna. — The  spread  and  multiplication  of  the  Eurasiatic  For- 
est Fauna  thus  occurred  before  the  close  of  Palaeolithic  times.  Following 
the  retreat  of  the  glaciers  and  the  disappearance  of  steppe  conditions  of 
climate  there  came  a  gradual  subsidence  of  the  coasts  of  northern  Europe 
and  with  it  a  more  humid  climate  favorable  to  reforestation.  Besides  the 
common  squirrel  (Sciuru,*i  rulffaris)  which  is  the  herald  of  forest  condi- 
tions all  over  the  nc»rthern  hemisphere,  there  appear  in  larger  numbers 
the  entire  Forest  Fauna  which  we  have  traced  from  its  l)eginnings  in 
early  ]*leistocene  times  and  which  we  regard  as  having  been  resident  in 
favorable  localities  throughout  the  entire  epoch.  With  the  Tundra  and 
Steppe  Faunas  disappear  also  the  wolverine  (Gnlo  luscus)  and  the  lion 
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{Felis  leo  spelcea),  which  are  never  found  in  western  Europe  after  the 
Pleistocene  although  the  lion  lingered  until  a  late  period  in  eastern 
Europe. 

The  Alpine  Fauna,  which  is  mainly  of  central  Asiatic  rather  than  of 
northern  relationships,  retreats  to  the  higher  levels  of  the  Alps  and  the 
Pyrenees.  Thus  there  remained  in  the  forests,  in  the  plains  and  in  the 
lower  mountain  regions  of  Europe  the  direct  descendants  of  the  Eura- 
siatic  Forest  and  Meadow  Fauna  of  the  Pleistocene.  It  is  noteworthy 
that  no  new  mammals  appear  in  Europe  at  this  time  except  those  intro- 
duced by  man.  The  fauna  of  early  Neolithic  times  is  directly  sequent 
upon  that  of  late  Palaeolithic  times.  This  fauna  has  been  discovered  in 
the  Swiss  lake  dwellings^^^  (Fig.  9,  38-40)  at  Moosseedorf,  Wauwyl, 
Bobenhausen,  Concise,  etc.  In  the  peat  bogs  of  Hassleben  (41),  etc.,  in 
the  travertines  of  Jena,  Langensalza  (42),  etc.,*^^  have  been  found  the 
following  mammals: 

Forest  and  Meadow 

Bison  honaauSj  the  European  bisou,  still  surviving  in  Lithuania. 

Boa  primigeniua,  collateral   ancestor   of  tbe  long-borned  larger  existing 

cattle  of  western  Europe.    The  "urua,**  of  Caesar's  text.    Surviving  in 

(fcrmany  until  tbe  sixteenth  century. 
Bos  lonffifrona,  tbe  "Celtic  short-horn,"  the  probable  ancestor  of  the  small 

breeds  of  British  short-horned  and  hornless  cattle. 
Oervua  elaphua,  the  red  deer  or  stag. 
Ccrvua  capreolus,  the  roe  deer. 
Alcea  machliSj  the  elk  or  moose. 
Rangifer  tarandiis,  the  reindeer,  surviving  In  central   Europe  until   the 

twelfth  century. 
Cervua  dama,  the  fallow  deer. 
Sua  acrofa  ferua,  the  wild  boar. 
Sua  acrofa  paluatria,  the  turf  pig. 
Equua  cahallua  celticua,  tbe  Celtic  pony,  representative  of  the  *'plateau*' 

type. 
Equua  cahallua  typicua,  the  Norse,  or  "forest"  horse. 
Caator  fiber,  the  beaver. 
Sciurus  vulgaris,  the  common  squirrel. 
Lepua  timidua,  the  European  hare. 

LepuB  variabilis,  the  arctic  hare.  In  Ireland  and  the  north. 
Mua  sylvaticua,  tbe  field  mouse. 
Arctomya  marmotta,  the  marmot  of  the  alpine  fauna. 
Ursus  arctoa,  the  brown  bear. 
Meles  tawua,  the  badger. 


"*RtJTiMEYKR,  L.  :  "DIo  Fauna  der  Tfahlbauton  dor  Schwelz."  .\ouo  Penkschr.  allg. 
schwets.  Oetell.  gesam.  Naturwiss..  Vol.  XIX.     Ziiricb.  1862. 

^'iPOHLiO,  H. :  "Voriaiiflge  MItthcilunKen  Hbpr  das  PllstocfPn.  iii8l>esoiidore  Thdrin- 
jens,"  SitzuDgRber.  Nlederrhein.  Qes.  Bonn,  pp.  2-15.     Mar.  3,  1884. 
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Mustela  martes,  the  pine  marten,  also  the  weasel,  pole  cat,  the  ermine,  etc. 
Lutra  vulgaris,  the  otter. 
Oulo  luscuSf  the  wolverine. 
Cania  lupus,  the  wolf. 
Canis  vulpes,  the  fox. 
Felis  catua,  the  wild  cat 
Alpins 

Capra  ibex,  the  ibex  of  the  mountain  or  alpine  fauna. 
Rupicapra  tragus,  the  chamois  of  the  mountain  fauna. 

There  is  evidence  of  the  ^'plateau"  or  "Celtic'^  horse  in  the  Neolithic 
deposits  of  Essex  and  of  Switzerland  (La  Tene) ;  it  was  widely  distrib- 
uted in  Europe  and  Asia  in  prehistoric  times."* 

It  is  beyond  the  purpose  of  this  volume  to  trace  the  history  of  domes- 
tication. The  dog  {Cants  familiaris),  a  descendant  of  the  wolf  {Cants 
lupus),  first  appears  in  western  Europe  late  in  Upper  Palaeolithic 
times.^"  The  Neolithic  immigrants,  or  men  of  the  New  Stone  Age,  pos- 
sessed or  brought  with  them  cattle,  sheep,  goats,  pigs,  horses  and  dogs. 
Appreciating  the  value  of  domestication,  they  certainly  captured  and 
domesticated  three  indigenous  European  species,  namely,  the  Celtic  short- 
horn cattle,  the  forest  horse  {E,  caballus  typictLs)  and  the  Celtic  horse 
{E.  caballus  celticus).  The  wild  ox  {Bos  primigenius)  was  hunted  but 
not  domesticated.  The  domestic  ox  {Bos  taurv^)  shows  many  points  of 
resemblance  to  the  Urus,  but  is  not  directly  descended  from  it,  but  rather 
from  the  Bos  trochoceros  type  of  the  Pleistocene  of  Italy.  Rutimeyer  has 
made  an  exhaustive  study  of  this  subject,"*  tracing  the  origin  of  the 
various  types  of  domesticated  cattle. 

A"  BWART,  J.  C. :  Op.  cit.,  IftOT. 

^  E.  Tbodessart  considers  the  dimiouUve  wolf  of  India,  Cani8  pallipes,  as  the  prln- 
diMU  If  not  the  sole  Bonrce  of  all  our  races  of  domestic  dog.  This  species  of  wolf,  with 
the  exception  of  the  Siimatran  wolf.  Canis  sHmatrenaia.  is  al.^o  more  closely  related  than 
any  other  to  the  dingo  of  Australia.  "L'Orlgine  pr^historique  du  chien  domestlque,** 
Ueviie  des  Id^s.  pp.  388-411.     June  15,  1011. 

^  Rt^^IMKTER,  L. :  "Die  Fauna  der  Pfahlbauten  der  Schwelz,"  Neue  I>enkschr.  allg. 
schweiz.  (;esell.  gesam.  Naturwlss..  Vol.  XIX.     ZOrlch.  1802. 
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INTUnpiTTlON 

Tho  rcsoarchos  <»f  OcdrnT.  Tlu'vcniii,  Fril.^icli,  M<KHlit^  and  inanv  oUuth 
•  •11  the  ain|»liil»ian?  of  tlu*  Coal  M<»asHn's,  wliiili  an*  llu'  tililo-i  known 
iVtrapoda.  Iiavi'  s('rv<»rl  on  the  wlmli*  in  hrin;^  into  rliMin-r  f«Mns  llir  widr 
btructurn]  1liatl1^:  that  is  still  left  liclwccn  (ho  known  Aiiiphiliia  and  ilic 
known  fisbcF.  For  tho  fornior  withont  Jv\c<'|ilion  havr  ihi;  pa  in'*  I  jindis, 
wlion  prost'nt,  in  tlu*  form  of  olu'iropti'rvjria  :   while   in   ihi*  lall^-r   Ih*' 


1  Manuscript  recelvwl  by  th»-  Kdltor,  r,  Mnrcli.  IM.''..  CM!) 
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paired  liml)s  aro  still  iiunutostihly  i(luliynpicrv«xia ;  aiul  then*  are  almost 
equally  f^^roat  dilToroiu(»s  in  the  skull. 

haur's  viow  that  tlio  Ainpliibia  and  lii;j^lnT  classos  have  hoen  derived 
from  Pahvozoi**  ('rnsso|)i<Tygii  has  of  late  years  been  sii])ported  especially 
hy  AVatson  {VA]2)  and  Broom  (lOKJ).  Jaekel  (IHihl  1909),  Avho  de- 
li;rlit.s  in  such  ])hylo;r(Mietie  paradoxes,  holds  that  the  earliest  Tetrapoda, 
instead  of  havin^r  \)oou  derived  from  the  fishes,  have  n'won  rise  to  them 
throiiirii  ])ro;^^ressive  secondary  adaptation  to  a^jiiatio  life. 

Alth<)U«rh  the  true  linkin«x  forms  between  fishes  and  amphibia  still 
remain  unknown  and  must  he  sought  in  formations  of  Lower  Devonian 
or  even  I'pper  Silurian  age  (^loodie),  comparative  anatomy  al'>ne  oilers 
sutlieicnt  evidence  to  prove  that  the  recent  fishes  and  Tetrapoda,  in  spite 
of  their  admittedly  wide  dilTerenees  and  remote  separation,  yet  trace  their 
(•ri'^in  to  a  common  >^oiiree.  One  need  cite  onlv  the  fundamental  unitv 
of  plan  ihal  runs  thrf)Ufrhoiit  the  vertebrate  series  and  the  weighty  char- 
acters that  unite  all  the  Oraniata  into  a  natural  group.  One  recalls,  for 
cxamph?,  that  creatures  so  diverse  in  form  and  mode  of  life  as  fishes, 
nmphihians,  reptiles,  birds  and  mammals  all  have  an  identical  arrange- 
ment of  tin*  six  eve-iinisclos  in  relation  to  the  eves  and  to  three  of  the 
i-ranial  nerves:  that  the  complex  head  is  a  synthesis  of  sensory  capsules. 
bra in-i rough,  occi})it<>-vertcbral  segments,  primary  jaws,  bramihial  arches 
and  dermal  elements:  that  the  whole  locomotive  and  muscular  apparatus 
of  trunk.  liml)s  and  head  is  involved  out  of  metamericallv  arranged 
mvomeivs  of  identical  embryonic  historv.  Thus,  althouirh  the  differences 
))etweeTi  known  Amphibia  and  known  fishes  are  verv  marked,  thev  are 
njorpbologically  of  far  less  weight  than  the  resemblances. 

The  main  conclnsion  of  the  present  paper  is  that  among  the  various 
grrmps  of  llsht^s  which  are  known  from  the  Devonian  and  Tpper  Silurian, 
only  one,  the  rhi]>idistian  rrossoy)terygii,  belongs  near  the  ancest\*al  line 
or  lines  of  the  'iVtrapoda. 

osruAcoDKiniF.  AXTiAh'Ciir  xNi)  A]iTnuor>iu.\ 

As  the  Silurian  and  Devonian  Osiracodermi  include  the  oldest  known 
types  of  ebon  late  animals  it  is  j)ertinent  to  in<juire  what  their  relations 
may  be  to  the  remote  ant'cstors  of  the  Teira])oda.  All  the  known  ostraco- 
derms  apj)ear  to  lie  aberrantly  specialized  in  <:ertain  directions,  but  long 
consideration  of  their  many  j)ecnliar  characters  has  convinced  me  that 
they  st^md  far  Im?1ow  the  inw  fishes  and  that  the  grouj^  as  a  whole  may 
represent  an  important  stage  in  the  genealogy  of  the  vertebrates. 

Of  the  many  beanti fully  ]>reser\'ed  specijuens  of  Birl'enia.  LnnarJria, 
Prrpanaspifi.  I'h'.rnspis,  Trrwafds/Hs.  Crphnlosjils  antl  allied  genera,  none 
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>1m)\v-  the  lea^t  iiuliialion  ot'  an  internal  skeleton,  nor  is  th(Mv  evor  any 
trace  of  brancliial  arches  and  internal  jaws.  The  pouch-like  niarkin;i:s 
on  the  inner  side  of  the  carapace  in  Fleraspis,  the  hir^e  sack-like  jnark- 
in;j:s  in  T}wUulu>i  pof/ei.  the  small  round  gill  openings  of  several  genera 
indicate  a  branchial  aj)i)aratus  somewhat  similar  to  that  of  th(»  larval 
rcfronij/ihu.  Thi*  median  opening  in  front  of  the  paired  eyes  in  ('rj)li(i- 
his/ns  and  its  allies  suggests  also  the  median  nostril  of  Petromyzon.  l)ur 
caution  is  necessary  in  accepting  any  of  these  resemblances  as  indicative* 
of  real  aflinity  with  cyclostomes,  yet  they  apparently  give  evidence  of  the 
mode  of  fumtinning  of  the  mouth  and  pharynx. 

Ill  brief,  the  ostracoderms,  instead  of  being  free  swimming  predatory 
types,  with  powerful  loeoniotive  organs,  strong  internal  jaws  and  true 
t«'('th.  as  in  the  later  fishes  and  ancestral  Tetrajioda,  were,  with  the  ex- 
ception of  the  J3irkeniida»,  sluggish  and  bottom-living  forms  accustomeil 
to  feed  on  small  organisms,  which  thev  obtained  in  the  mud,  or  bv  <lraw- 
ing  water  into  their  capacious  j)harnyx. 

In  these  animals  the  process  of  ce[)halogenesis,  or  synthesis  of  elements 
into  a  complex  head,  was  |)robab!y  in  a  low  stage  of  development,  most 
nf  the  ''cephalic  buckler*  in  forms  like  Drrpanasins-  and  CrpJinlaspIs 
lepresenting  an  expanded  pharyngeal  region  rather  than  a  large  brain, 
which  mav  have  been  as  small  as  it  is  in  recent  cvclostomes. 

The  ostracoderms  re])resent  a  stage  in  chordate  phytogeny  immediately 
i)receding  the  acquisition  of  an  endoskeleton  impregnated  witli  mineral 
salts;  their  first  visceral  arches,  if  present,  had  not  yet  been  transformed 
\n\u  primary  or  cartilaginous  jaws;  the  process  of  cephalogenesis  was  in 
:hem  in  a  low  stage,  and  the  elements  of  their  shelly  exoskeleton  were 
potentially  homologous  with  the  cosmine,  vasodentine  and  isopedine  of 
primitive  ganoids.  To  that  extent  they  stand  in  a  pre-gnathostome  stage 
of  evolution  and  probably  represent  the  remote  forerunners  of  the  ganoid^ 
jind  Tetrapoda,  while  possibly  having  remote  relationships  also  in  another 
<iirection  with  the  ancestral  elasmobranchs. 

The  A]itiarchi  have  advanced  bevond  the  tvpical  ostracoderms  in  hav- 
ing  the  head  sharply  differentiated  from  the  thorax  and  the  m<mth  armed 
vith  functional  jaws,  which  are  fashioned  from  the  dermoskeleton.  l»ut 
not  even  the  excellently  preserved  specimens  of  liothriohpis  described  by 
l*atten  (HM'i)  show  any  traced  of  car.ilaginous  jaws,  branchial  arches  or 
cartilaginous  axial  skeleton. 

The  systematic  position  ami  relationships  of  the  Arthrodira  constitute 
^o  controversial  a  subject  that  it  would  be  the  part  of  discretion  to  avoid 
it  if  possible.  L'n fortunately  this  question  as  well  as  certain  still  larger 
1  nes  cannot  be  altogether  kept  out  of  the  discussion  as  to  the  oriirin  of 
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tlie  Amphibia.  With  regard  to  the  Arthrodira  I  can  only  say  that  I 
have  h)nir  pondered  over  the  conflicting  views  and  arguments  of  Smith 
Woodward,  Eastman,  Dean,  Hiissakof,  Tate  Hegan,  Jaekel  and  Patten: 
that  I  have  endeavored  to  consider  the  question  without  bias  of  any  kind 
and  have  returned  again  and  again  to  readjust  the  conflicting  claims  of 
diverse  evidence  for  the  relationship  of  the  Arthrodira:  either  with  the 
Dipnoi  (Eastman,  Smith  Woodward),  or  with  the  Antiarchi  (McCoy, 
Dean,  Ilussakof),  or  with  the  Devonian  Crossopterygii  (Tate  Kcgan)  or 
linally  witii  the  stem  of  the  Dipnoi  and  Amphibia  on  the  one  side  and 
the  Antiarchi,  Ostracodermi  and  even  (lie  Arthropoda  on  the  other 
(Jaekel,  Patten).  Out  of  this  maze  of  conflicting  resemblances  I  gain 
the  impression  that  the  resemblances  which  tend  to  brigade  the  Arthrodira 
with  the  Antiarchi  are  qufte  specific  and  of  evidential  value,^  while  the 
ies(nnl)lanccs  in  the  jaws  and  head-shield  to  those  of  Dipnoi  and  still 
more  to  those  of  Crossopterygii,  are,  with  certain  exceptions,  of  a  vague 
and  inconclusive  character,  suggestive  of  convergent  evolution  between 
widely  removed  groups.  And  in  this  connection  I  would  call  attention 
to  the  artlirodiran  appearance  of  the  skull-top  of  the  modern  armored 
catfish  ('lariat  7na</ur  (figured  by  Goodrich,  li)09,  ]).  381).  as  illustrating 
the  «lceepti\e  efl'ects  of  convergent  resemblances;  a  similar  example  is  the 
Cciiltala^jji^--]'ik('  ajjpcarance  of  J.oriraria. 

I 'mil  it  shall  lie  learned  whether  Marrojirfalirhthifs  is  really  related 
to  the  Arthrodira  and  what  its  affinities  are  with  other  groups,  it  is 
Jiai-(llv  likclv  tliaf  ihc  ;\rthro»liia  nroldem  can  be  dellnitelv  settled.     ]n 

«  •  I  * 

llic  nicjintinic  I  niiis:  hold  pnjvisionally  :  first,  that  the  arthrodiian  jaws, 
>kull  and  thorax  represent  progressixc.  en rni\ -irons  a<Iaptation<  from  a 
L!<*ncrali/c(l  antiarcliian  stem;  secondly,  that  the  resemblances  in  the  skuU- 
ronf  to  tlM'se  of  Dipnoi  and  Cros^ojUcrvgii  have  been  independently  as- 
sumed: thirdly,  that  the  Arthrodira  are  not  true  gnathostomes  and  con- 
sequent Iv  not  anywlu.'re  near  the  line  lea'ling  toward  the  Tetrapoda,  but 
I  hat  lhr\  are,  on  the  contrary,  tluj  last  and  highest  of  a  pre-gnathostonie 
j<lapti\c  i-adiation.  In  brief  ihis  pregnathostome  radiation  was  char- 
acterized bv  an  accelerated  evoluti(m  of  the  exoskeleton  of  the  head  and 
thorax  an<l  hv  a  retarded  evolution  no!  <»nlv  of  the  endoskeleton  but  of 
ilic  wiiole  locomotive  apparatus. 

i;l  vsMoiu:  weiiii 

Tn  the  Acanthodii,  which  are  tin-  earliest  elasmobranchs,  the  gnatho- 
st(»nie  >cries  is  first  made  known  l)y  its  relatively  advanced  adaptations 
to  predatt)ry,  free  swimming  habits:  ilrsi,  the  whole  pharj'ngeal  region 

-  cf.  tin.'  n**t  of  coTiiiiioii  clinrarliTS  j;l^«'ii  *>y  Ihissakof.  IfUK'i.  ytp.  12!M3(a 
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is  supported  l>y  a  stout  cartilatrinous  rramowork  and  the  eontractility  of 
the  anterior  pair  of  arches  lias  led  to  their  funciioning  in  the  seizing 
and  ingestion  of  Uie  prey:  secondly,  the  primary  locomotive  organs, 
namely,  the  myomeres,  have  much  increased  in  number  and  size,  the  head 
hecoming  relatively  small;  thiidly,  the  ])aired  sensory  capsules  (olfactory, 
optic,  auditor}')  and  the  primitive  brain-trough  are  synthetized  into  a 
ohondrocranium,  which  very  early  aH'ords  support  for  the  oral  arches, 
\\hile  the  more  active  life  necessitates  the  strengtliening  of  the  primitive 
( ndoskeleton,  an  end  which  is  attained  in  this  group  by  the  deposition  of 
calcareous  salts  in  the  hyaline  cartila<(e ;  fourthly,  many  accessory  struc- 
turcs  appear:  such  as  median  and  paired  lins  and  lin  supports,  fin-spines, 
tiuc  teeth  and  minute  rhombic  scales. 

All  those  external  improvements  in  the  locomotive  and  food-getting 
.>tructun's  were  no  doubt  matched  by  corresponding  increase  in  the  size 
of  the  brain  and  probably  by  marked  changes  in  the  proportions  and 
placement  of  its  principal  parts. 

Such  a  transformation  from  pre-gnathostonic  to  primitive  gnathostome 
( onditions  was  a  critical  step  in  the  history  of  the  vertebrates  and  makes 
the  difTiMvnces  between  Tetrapoda  and  true  fish  seem  relatively  unim- 
portant. 

The  elasmobranchs  are  excluded  from  direct  ancestry  to  the  Teti-aj^oda 
by  tlie  fact  that  ihey  too  early  overspecialized  in  some  respects  while 
lemaining  on  a  low  stage  in  others :  first,  the  exoskeleton  was  formed  too 
largely  from  the  outer  layers  of  the  many-layered  skin,  the  deeper,  strati- 
lied  connective  tissue  remaining  unossified:  hence  except  in  the  Acathodii 
we  see  an  armature  of  tliorny  denticles  or  placoid  tubercles  rather  than 
of  osseous  plates  and  scales.  And  secondly,  the  endoskeleton,  instead  of 
bcM'oming  osseous,  became  tliorouglily  calcified. 

The  earliest  elasmobranchs  have  the  preorbital  portion  of  the  cranium 
short,  the  small  eyes  Ixjing  almost  terminal  and  not  widely  separated  from 
each  other,  as  in  most  of  the  ostracoderms,  antiarchs,  arthrodires,  earliest 
ganoids  and  tetrapods.  It  is  only  in  specialized  types  in  all  these  groups 
that  the  olfactory  capsule  or  rostrum  grows  forward  and  the  eyes  are 
displaced  backward  and  l)ecome  of  large  size. 

So  far  as  known  the  elasmobranclis  lack  the  median  opening  betwe«*n 
the  orbits  which  is  doubtfully  homologized  with  the  pineal  opening  in 
ostracoderms,  antiarchs,  arthrodires  and  primitive  ganoids. 

ACTIXOl»TERYGII 

The  Dipnoi,  Crossopierygii  and  Actinopterygii  (collectively  known  as 
Osteichthyes)  share  with  the  elasmobranchs  on  the  one  hand  and  with 
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the  trlni|KHl>  oil  tlu.'  otiicr  nil  tlir  characters  which  separate  the  Gnatho- 
>1c»ni;ita  tnHii  the  A;:nalha.  Miit  thev  have  a<lvajic<Ml  heyond  ihe  elasmo- 
branchs  toward  the  tetrapod  type  in  many  particulars,  especially:  (1)  in 
the  a|)|)eaiaiue  of  true  hone  cells  l:<;th  in  ;he  e\n-  and  endoskeletons :  ("i) 
m  the  lorniatidn  of  scales,  dermal  rays  and  dermal  plates^,  having  in  the 
most  primitive  forms  an  outer  cosinine  layer,  a  middle  zone  of  vasodentine 
and  hasal  layers  of  isopedinc;  (3)  the  formerly  continuous  dermal  cover- 
in;^  of  the  head  and  tiunk  is  now  fiatrmeiKed  into  the  dermal  plates  of 
the  skull,  of  the  hranchial  re<:ion  (o])erculais,  Lndars,  etc.)  and  of  the 
pectoral  region;  (I)  the  spiraeular  cleft  is  usually  closed. 

Most  of  the  known  ()steichthve>  are  excluded  from  the  ancestry  of  ihe 
Tetrapoda  \)y  various  s])ecializati(»ns,  either  of  the  exoskeleton  or  of  the 
median  and  paired  fins  as  iu»ted  below. 

In  the  Actinop.erygii,  a  >uniciently  full  moiphological  series  eiiahle- 
us  to  follow  the  changes  in  the  grouj),  beginning  with  the  very  generalized 
iJevonian  i'hcirolciiis  and  culminating  in  the  most  specialized  types  of 
modern  teleosts.  In  the  most  primitive  of  the  series  (Paliooniscida*)  the 
elements  (d'  the  skull -roof  may  he  in  general  homologized  with  those  of 
the  most  primitive  (.'ross(»pteryuii.  alth(»ugh  the  details  are  quite  different ; 
theF'e  is,  however,  no  s])ecial  lesciublance  to  the  skull  of  the  earlie-^t 
Stegocej>hali,  e.\ce[)t  in  so  far  as  the  elements  of  the  skull-roof  inchuh* 
j:aired  fiontals,  j)arietals.  pterolics  and  rither  paired  elements.  The  brain 
also  is  diversely  specialized  in  the  surviving  forms. 

Dirxoi 

.\  closer  strucluial  a]>proach  to  the  tetrapod  ty]je  is  attained  in  thi- 
group.  Jn  the  brain  the  i)i])noi  have  retained  the  well-developed  olfac- 
tory lobes  and  cerebra,  which  ari'  reipiisite  for  the  anirestral  tetrapod. 
They  also  have  a  functional  lung  and,  as  Kellieott  llOOo)  has  shown, 
the  venous  system  pr(\*^ents  close  ontogenetic  resemblances  to  the  urodele 
type.  The  larva*  and  embryos  of  the  Dipnoi,  as  well  as  of  the  Crossop- 
tervgii,  reveal  further  well-known  striking  resemblances  to  the  urodeles. 
and,  as  noted  below,  there  are  many  features  of  ihe  locomotive  organs 
and  mode  of  locomotion  in  Dijmoi  that  foreshadow  the  conditions  in 
Tetrapoda.  While  much  of  this  might  be  ascribed  to  i-onvergence,  it  all 
implies  a  similarity  in  the  '^potential  of  evolution,''  that  is,  of  structural 
p<»ssil)ilities,  in  the  forerurniers  of  these  groups. 

TIk'  known  Dipnoi  are  all  excluded  from  direct  ancestry  to  the 
Amphibia  by  the  s[)ecialized  character  of  the  dentition,  including  the 
tormation  of  complex   radially  arranged  trit<>ral  ydatos  on  the  roof  of 
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tlif  iiiyuth  iinil  on  tin-  inner  side  of  fho  mandilde  aiiJ  the  loss  of  marginal 
tfOlli  on  l!io  firi-mii.xilliP.  maxilla-  and  dentaricf!. 

Tlic  earlicn  Dipnoi  havt-  ''paralleled"  the  Tetrapoda  and  other  pro- 
irrff;siv(>  typL-s  in  liiat  ihc  pivorhital  rostniin  is  expiindpd  and  tlir  orhit* 
uvv  roliiliviOy  fur  punliTiui'  tliough  still  of  small  «ize:  the  patk-rn  of  llu- 
skull-roof,  \dth  its  paired  "frontals,"  "parietals"'  and  other  olements.  is 
iili^o  probably  anidojronf;,  rather  than  homologous,  with  that  of  Tetrapoda. 

Our  I'finicption  of  llio  vclationsliip  of  the  llipnoi  to  the  TetrapcRla  ifi 
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to  j^oine  e.'ttenl  dependent  upon  the  validity  of  DolloV  view  (181*5)  that 
Diptentx  is  flie  nios!  )>i'iniitive  known  Dipnoan,  stnutiinilly  aneestrn!  to 
all  the  later  tyjies.  'I'iie  skull  top  of  the  modern  Ceraltxlits  is  so  widely 
ililferent  from  tliui  of  Diptrnix  that  Dr.  Kastman  (IHOT,  p,  05)  liiia  i-<in- 
(liided  [hai  the  tno  forms  have  no  netir  relation  ships  with  each  nlher  and 
that  tile  living  genus  reprewntK  some  other  and  independent  line  that 
has  coine  do«n  fiiun  a  pn-dipterine  stock,  llul  after  coinparirii:  the 
skull  patterns  of  I'lmlmhn:  Clrnoilw!,  FliaiiToplevron  and  Scaumenaria 
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I  incline  to  the  opinion  that  Dollo's  view  is  ihe  correct  one.  The  skull 
pattern  of  Scaumenada,  as  figured  by  Hussakof  (1912,  p.  136),  is  suffi- 
ciently close  to  that  of  IJipterws  (Pan<ler,  IS.'i.S,  1'ab.  3)  lo  enable  one  to 
homologize  the  principal  bony  elements  in  these  two  genera  (Fig.  1). 
The  Scaumenaria  skiill,  I  think,  points  tlie  way  to  that  of  Phaneropleuron 
(Goodrich,  1909,  p.  239)  and  ihis  in  turn  brings  us  within  reach  of  the 
Ceratodus  skull-pattern.  In  short  it  appears  probable  that  the  Ceratodus 
skull-pattern  has  been  derived  from  a  Dipterus-Uke  type  through  the 
following  changes:  (a)  tlie  small  frontals  and  parietals  have  become 
enlarged,  so  as  to  cover  the  median,  pre-parietal  element;  (h)  the  opj)o- 
site  frontals  have  united  to  form  the  wrongly  called  "ethmoid'^  of  Ccra- 
iodns;  (c)  the  opposite  parietals  liave  united  witli  each  other  and  with 
the  median  supraoccipital  or  nuchal  plate  to  form  the  large  median 
"occipital'^;  (d)  the  longitudinal  series  of  small  elements  running  from 
above  the  orbits  to  the  back  of  the  skull  hav<*  coalesced  and  broadened, 
to  form  the  large  pair  on  either  side  of  the  nuMlian  plate:  (e)  the  small 
plates  behind  the  orbit  and  above  the  opcnulum  have  coalesced  and 
broadened  into  the  large  plate  marked  pterotic  in  Goodrich's  Fig.  206 
(1909,  p.  237)  ;  (/)  the  remaining  small  eliMiicnts  immodialcly  behind 
the  orbit  are  part  of  the  circumorbital  series:  (f/)  the  exposure  of  tlk* 
chondrocranium  above  tlie  occiput  and  above  ihe  front  part  of  the  skull 
I  regard  as  quite  secondary  and  as  a  relativt'ly  modern  specialization: 
the  massive  character  of  the  chondrocranium  mav  be  due  to  the  fact  that 
the  stout  tritoral  plates  on  the  roof  of  the  mouth  and  the  heavy  mandible 
require  a  massive  iirm  skull  for  their  support :  it  may  also  be  related  with 
the  fact  that  the  scales  and  dermbones  of  the  skull  are  losing  their  dense 
osseous  character  and  becoming  homy.  The  exposure  of  the  chondro- 
cranium is  carried  to  an  extreme  in  Lepidosirpn.  and  it  cannot  l)e  claimed 
that  this  degenerate,  eel-like  form  is  more  primitive  than  the  numerous 
Palaeozoic  Dipnoi,  Crossopter^'gii  and  Ac^tinopterygii  that  have  a  complete 
skull-roof. 

In  view  of  the  foregoing  discussion  it  is  hardly  necessary  to  state  that 
I  am  unable  to  acce|)t  Dr.  Eastman's  comparison  (1907,  p.  132)  of  the 
Cemfodus  skull  with  that  of  Dinichthys  at  its  face  value,  and,  with  Dr. 
Dean  (1907),  I  must  ascribe  these  resemblances  to  convergence,  referring 
again  to  the  arthrodiran  appearance  of  the  skull-top  of  one  of  the  modern 
catfishes  (vuh'  supra,  p.  320). 

Returning  to  Dipferus  T  would  also  be  inclined  to  disagree  with  Good- 
rich's statement  (1909,  p,  2»56)  that  "the  arrangement  of  the  cranial 
covering  bones  points  rather  to  the  dipterids  l>eing  a  highly  specialized 
otTshnot  from  the  i)ast'  of  the  dipnoan  stem."     As  already  stated,  the 
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Diytcriis  skull-top  certainly  includes  the  same  elements  as  those  of  Scan- 
menacia,  the  chief  difference  being  that  these  elements  are  smaller  and 
that  there  are  a  number  of  other  small  elements  in  the  supraorbital- 
occipital  scries,  which  may  later  have  united  with  adjacent  elements. 
The  Difderus  skull-top  also  makes  a  distant  approach  to  the  primitive 
rhipidistian  type  seen  in  Osteolepis,  in  so  far  as  it  retains  lines  of  sensory 
pits  running  longitudinally  above  the  orbits  and  extending  back  to  the 
transverse  nuchal  commissure;  both  skulls  also  have  a  circumorbital 
series,  a  supraorbital-occipital  series,  a  short  rostrum,  paired  frontals, 
par  iota  Is  and  other  ])aire(l  elements,  the  chief  difference  being  that  in 
Diptei-vs  there  is  a  prominent  median  preparietal' and  that  the  nuchal 
plates  are  more  closely  united  with  the  occiput. 

The  conclusion  that  Dipterus  is  the  most  primitive  of  all  the  Dipnoi 
is  further  supported  by  the  remarkable  agreement  in  histological  struc- 
ture of  the  dermoskeleton  of  Dipterus  and  that  of  the  crossuptervgian 
Ostcolepis  as  shown  in  Pander's  superb  sections  (1858,  Tab.  5,  Figs.  1, 
IT:  18G0,  Tab.  5,  Figs.  1-8,  22).  In  both  cases  the  dermocranium  con- 
sists of  a  thin  outer  laver  of  oranoine,  which  covers  the  cosmine  laver, 
underneath  this  is  a  vascular  layer  and  on  the  bottom  a  stratified  hori- 
zontal layer.  This  histological  pattern  is  also  repeated  in  the  s(?ales  of 
both  Diptenis  and  Oafpolepis.  and  to  my  mind  is  of  great  weight  in  indi- 
cating the  common  origin  of  the  Dipnoi  and  Crossopterygii.  Add  to  that 
the  facts:  that  in  both  groups  the  earliest  members  have  the  paired  fins 
of  the  mesorhachic  or  biserial  tvpe;  that  both  have  two  dorsal  fins;  that 
both  have  a  heterocercal  tail  provided  with  similar  dermal  rays,  and  we 
have  a  case  for  the  common  origin  of  the  Crossopterygii  and  Dipnoi, 
which  is  further  strengthened  by  the  well  known  resemblances  between 
the  modern  Polypterus  and  the  dipnoans  in  the  early  stages  of  develop- 
ment. Nor  should  the  difi'erenccs  in  brain  structure  of  these  modern 
forms  outweigh  the  above  mentioned  resemblance,  for  there  is  no  evidence 
that  the  brains  of  the  Devonian  Crossopterygii  and  Dipnoi  were  any  more 
divergent  from  each  other  than  were  the  other  parts  of  the  body. 

c:ko?>sopteuygii 

The  known  Dipnoi  being  excluded  from  direct  ancestry  to  the  Tetra- 
poda  by  reason  of  certain  si)ecializations  of  the  skull  and  dentition,  what 
can  be  said  of  the  claims  of  the  Crossopterygii? 

Pohfpterus,  and  doubtless  also  its  near  ally  Calamoichthys,  which  are 
the  only  surviving  crossopt^rygians,  have  become  highly  ichthyized  in 
brain  characters  and  thus  are  far  removed  from  both  the  dipnoan  and 
the  amphibian  types;  hut  as  stated  above  it  may  well  be  that  the  Devonian 
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Crussoptervgii  had  a  more  primitive  brain  structure.  In  Polypteni^  the 
scales  and  dermal  plates  have  become  like  those  of  the  primitive  Actinop- 
terygii  (Goodrich  1909,  p.  292),  the  oosmine  hiyer  Ix'ing  c<»vered  exter- 
nally by  stratified  ganoine  layers;  but  for  several  reasons  1  regard  this 
condition  as  secondary.  Xor  can  I  acce])t  Good  riches  view  (1909,  p.  300) 
that  Folypterus  should  be  removed  altogether  from  the  C'rossopterygii. 
In  any  event  it  is  further  removed  from  relationship  with  the  Tetrapoda 
than  were  its  Devonian  predecessors. 

The  only  crossopterygians  that  can  claim  even  remote  relationships 
with  the  Amphibia  are  tlie  Devonian  Rhipidistia,  esj>ecially  the  Osteole- 
pidae  and  the  nearly  allied  Hhizodontida*.  Dr.  A.  S.  Woodward's  com- 
parison (1898,  pp.  24,  25)  of  the  skull-roof  of  Bhizodopsu^-,  representing 
the  Rhizodontida3,  with  that  of  Pdomurus,  n^presenting  the  Stegoce- 
phalia,  serves,  however,  to  emphasize  the  remoteness  of  this  relationship 
and  to  raise  the  question  whether  tin*  suppo.sedly  homologous  elements, 
as  the  frontals,  parietals  etc.,  in  the  two  groups,  may  not  after  all  be 
analogous  rather  than  truly  homogenous.  Dr.  Moodie's  comparison 
(1908)  of  the  sensory  canals  of  the  skull-roof  of  stegocephalians  with 
those  of  Amxa  and  Polypierus  olfered  some  reinforcing  testimony,  which 
would  have  been  strengthened  if  Pander's  sup>erb  figures  showing  the  sen- 
sory pits  and  skull  elements  of  Osivolcpis,  Diploptenis,  Dipterus  and 
other  genera  had  been  taken  into  consideration.  Watson's  comparisons 
(1912)  of  the  skull-base  oi  Iiliizodu^  with  that  of  certain  Carboniferous 
stegocephalians  {Pteroplax  etc.)  having  a  single  median  occipital  condyle 
and  a  continuous  or  non-fenestrated  i)alate,  further  strengthened  the  case. 

A  wider  basis  of  comparison  appearing  desirable,  I  have  made  during 
the  last  few  years  repeated  comparison  of  the  skull  patterns  of  various 
F^ilaX)Zoic  and  recent  fishes  with  each  other  and  with  those  of  stegoce- 
phalians of  all  known  orders.  Original  material  of  Osteolepi^,  Megalich- 
thys,  Dipterus  and  of  many  other  fossil  and  rwent  Osteichthyes  lias  beer, 
studied,  and  for  the  skull  patterns  of  many  of  the  Valfeozoic  fishes  I  have 
also  had  recourse  to  the  excellent  figures  of  Pander,  Huxley,  Traquair, 
Smith  Woodward,  Goodrich,  Wellburn  {Me(/aHc/ithys),  Jaekel  {Diplop- 
fcnis)  and  others.  Similarly  among  the  Stegocephali  the  American 
Museum  collections  have  furnished  for  stutly  tj'pical  examples  of  the 
principal  groups;  and  in  making  comparisons  with  the  fishes  I  have  also 
had  before  me  the  figures  of  ( -redner,  Fritsch,  Moodie,  Fraas,  Embleton 
and  At  they  (Lo.romjna),  Watson,  Broom.  Willisttui  and  others. 

Before  considering  in  detail  the  skull-r(»of  in  primitive  fishes  and  Tet- 
rapiula,  it  may  be  a])[)ro}>riate  to  ask  whether  any  general  adaptational 
reasons  can  be  assigned  provisionally  for  the  several  characteristic  ar- 
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raii<rt'ineuts  of  the  sutures  wliieli  produce  the  distinctive  skull  patterns 
of  these  early  types.  It  was  recognized  by  Kyder  (1892)  that  the  shape 
and  arrangement  of  the  scales  of  fishes  was  originally  a  result  of  the  move- 
ments t>f  the  mvomeres,  but  so  far  as  1  know  it  has  not  lutherto  heen 
taught  that  the  shape  and  arrangements  of  the  dcrmocranial  elements^ 
wliieh  in  primitive  fishes  are  histologically  homologous  with  scales,  were 
likewise  the  result  in  part  of  mus<;ular  strains  and  stresses.  It  may  be 
stated  as  a  general  hypothesis  that  in  the  dermocranium  of  primitive 
fishes  (he  position  and  nrrange.iuent  of  the  su fares  and,  the  consequent 
pattern  of  the  osseous  ''elements'  are  the  evoliitionari/  resultants  of  the 
rarious  symmetrically  halanced  stresses  induced  by  the  action  of  the 
nnderlyinij  muscles  of  the  eyes,  jaws,  hranchiul  arches  and  pectoral  limbs, 
in  composition  with  the  position  and  size  of  the  olfactory,  optic  and 
auditory  capsules.  It  is  at  least  a  fact  that  sutures  and  other  articula- 
tions define  loci  of  relative  mobility,  centers  of  ossification  define  loci  of 
relative  stability.  Differential  (jrowth  of  one  reyion  of  the  skull,  as  in  the 
rapid  elonyation  of  the  snout,  also  results  in  more  or  less  rearranyement 
of  the  sutures  and  osseous  elements. 

I  woukl  also  advance  the  hy|>othesis  tliat  the  whole  dermoskeletvm  of 
the  liscad  in  the  unknown  pre- Devonian  forerunners  of  the  Dipnoi,  Cros- 
sopterygii  and  Actinopterygii  was  a  continuous  membranous  covering, 
consisting  (see  Goodrich,  1901),  pp.  21.')-:;^  IT)  of  minute  cosmine  tuber- 
cles underlain  by  imperfectly  differentia  ted  vaso<lentine  and  isopedine 
and  entirely  homologous  with  the  membranous  covering  of  the  trunk  and 
fin-folds.  Wherever  movements  of  tliis  membranous  covering  were  pro- 
nounced, as  in  the  opercular  region,  around  the  orbits  and  near  the  spi- 
racular  clefts,  there  were  deep  creases,  but  where  movements  were  less 
pronounced  the  creases  were  proporticmally  shallow.  When  the  criticiil 
stage  of  ossificaticm  began,  in  the  forerunners  of  the  Dipnoi,  Crossop- 
terygii,  Actinopterygii,  the  roof  of  the  dermocrani\mi  commence*]  inde- 
pendently in  the  several  lines  a  process  of  fragmentation;  so  that  the 
rostrofrontal  segment  was  split  up  into  premaxilliv,  nasals,  ethmoids, 
frontals;  and  the  orbito-parietal  segment  was  divided  into  its  component 
"elements." 

The  excessive  subdivision  of  the  maxillary  and  preoperculum  of  Leifi- 
dosteus,  of  the  ])arafrontals  of  codacanths,  of  the  spiracular  ])latcs  of 
Polypterus  furnish  extreme  examples  of  fragmentation.  In  the  skull- 
roof  of  Osfeolepis,  on  the  other  han<l.  we  nuiy  have  an  example  of  a  form 
in  which  ossification  of  the  dermocranium  had  already  taken  place,  but 
fragmentati<»n  of  the  "cranial  ijuckler"  was  still  incomplete.  In  some 
s]>o(!imens  of  Osteolepis  the  median  suture  between  the  frontals  extends 
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forward  nearly  to  the  tip  of  the  rostrum;  in  others  it  is  niucli  shorter; 
none  have  the  separate  nasals  which  appear  in  higher  types ;  on  the  other 
hand,  the  transverse  occipital  row  of  small  plates  (see  below,  p.  329)  seen 
in  Osteolepis  and  Gyroptychius,  are  barely  indicated  in  Trktichopterus 
and  had  not  split  off  in  Ehizodopsis  or  Megalichthys. 

As  the  conical  teeth  of  Crossopterygii  were  on  the  outer  margins  of  the 
jaws  and  the  movements  of  the  jaws  were  chiefly  vertical,  the  suggestion 
may  perhaps  be  hazarded  that  the  transverse  stresses  conditioned  the 
evolution  of  the  longitudinal  median  sutures,  while  the  anteroposterior 
stresses  resulted  in  transverse  sutures,  those  separating  the  rostro-f rental 
and  postorbito-parietal  scgmentt^  being  in  Osteolepis  particularly  deep. 
At  any  rate  the  resulting  skull  pattern  includes  many  more  or  less  rect- 
angular plates,  as  also  in  the  Actinopterygii.  In  the  primitive  Dipnoi, 
on  the  other  hand,  the  teeth  were  chistered  in  fan-like  ridges  on  the  roof 
of  the  mouth  and  the  movements  of  the  jaw  were  more  oblique;  this 
possibly  may  have  partly  cc^nditioned  tlie  oblique  cliaracter  of  the  skull- 
roof  sutures  and  the  polygonal  form  of  the  elements.  In  the  Stegocephali 
both  rectangular  {e.  (/._,  Branchiosaurus)  and  oblique  {e.  f/.,  Stegops 
divaricata  Moodie)  types  occur. 

After  the  primary  siilun'<  had  been  established  and  tlie  continuous 
dermoeranium  fragmented  into  small  })lates,  there  usually  followed  an 
enlargement  of  certain  |)la.les,  and  sometimes  a  eoaleseenee  of  adjacent 
jdates,  as  in  the  Dipnoi  and  other  gi-oups  of  iishes;  such  enhirgement  and 
coalescence  following  e.r  In/pofhcsc  not  onlv  upon  the  shifting  of  lines  of 
greatest  mobility  or  the  diminution  of  mobility  between  elements,  but 
also  from  the  circumstance  that  as  a  general  rule  in  evolutionary  series, 
after  individual  structures  have  been  did'erentiated  ou:  of  a  former  con- 
tinuum they  appear  to  acijuire  a  certain  evolutionary  initiative,  so  that 
they  may  enlarge  or  decrease  or  shift  their  position,  or  crowd  apart  their 
fellows  in  a  manner  strongly  hereditar\%  but  often  without  any  assignable, 
immediately  adaptive  purpose. 

The  position  and  apparent  homologies  of  the  elements  of  the  skull- 
roof  in  the  Rhipidistia,  in  comparison  with  other  primitive  fishes  and 
with  the  Stegocephali,  are  as  follows: 

The  orbits  in  j)rimitive  Crossopterygii  are  small  and  sometimes  far 
forward  {Osteolepis.  Fig.  2),  quite  near  the  front  of  the  nasal  rostrum, 
which  is  extremelv  shon  and  obtuse;  the  same  is  also  true  of  the  most 
primitive  Actinopterygii  ( PaLToniscida^).  The  roof  of  the  nasal  rostrum 
(ethmoid)  is  undivided  and  there  are  no  paired  nasal  bones.  The  short 
frontals,  Iving  between  the  orbits,  almost  form  part  of  the  rostrum. 
Between   th(Mn   in  some  genera    (Osfeolepis.   (ih/jifo/foiiins,  Diplopterus) 
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lies  a  foramen  ()j)eiiiii«;  into  a  median  tube  (Pander,  1860,  Tab.  5,  Figs. 
1-5)  which  has  been  identified  by  authors  (e.  //.,  Newberry,  Dean,  Jaekel) 
as  the  pineal  foramen.  In  Dipterus  also  the  frontals  are  short,  but  in  the 
Pala}oniscida[j  they  are  longer.  The  postfrontals  in  Osteolepidse  and 
Ehizodontidffi  are  elongate  narrow  elements  extending  from  the  postero- 
superior  margin  of  the  orbits  to  the  pterorics  ("squamosals"). 

The  parietals  in  the  Ehipidistia  are  longer  than  the  frontals,  from 
which  they  are  separated  by  sharp  transverse  sutures.  In  DipieruSy  on 
the  other  hand,  the  parietals  were  short,  in  Palaeoniscidae  they  were  short 
and  wide. 

Behind  the  parietals  in  Osteolepis  microlepidotus  (Pander,  1860,  Tab. 
I)  was  a  transverse  series  of  small  quadrangular  elements,  closely  ap- 
])ressed  to  the  parietals  and  "pterotics,"  which  at  first  sight  suggest  the 
transverse  occipital  series  of  Stegocephali.  The  innermost  or  median 
pair  of  this  series  suggests  the  paired  dermosupraoccipitals  or  postparietals 
of  Stegocephali ;  next  to  these  comes  a  second  or  middle  pair ;  the  third 
pair  at  first  suggest  the  tabularia,  and  the  outermost  pair  in  the  species 
under  consideration  suggest  the  "epiotic  comua"  of  such  Stegocephali  as 
.  1  rrh  egoftaurus. 

Nevertheless,  in  spite  of  these  attractive  resemblances  with  the  trans- 
verse postparietal  series  in  Stegocephali,  I  am  finally  constrained  to  treat 
tliem  as  analogies  only.  First,  this  transverse  postparietal  series  is  best 
•Icveloped  in  OsteoJepis  microlepidotm,  is  imperfectly  developed  in  0, 
marrolepiflotus,  Gi/ropfychius.  Trxst'uhoptvrus,  and  is  entirely  absent  in 
Rhizodopsis,  Megalichthys,  Glyptopomus  and  Ilolopiycliius,  But  struc- 
tures that  are  developed  only  in  a  f(;w  forms,  rather  than  in  whole  irroups, 
oder  very  unsafe  guides  for  homologization  with  similar  elements  in  other 
widely  separated  groups,  a  principle  too  often  neglected  by  comparative 
anatomists.  Secondly,  this  transverse  occipital  series  in  Osteolepis  does 
not  bear  a  transverse  line  of  sensor}'  pits,  as  it  should  do  if  it  were 
homologous  with  the  transverse  postparietal  series  of  Stegoce|)hali  ((/., 
Moodie,  1908).  Thirdly,  there  is  another  row  of  transverse  plates  consti- 
tuting the  nuchal  or  **supratemporal  series,''  lying  behind  the  (K-cipital 
>uturc,  which  l)ear  a  transverse  sensor}'  line  and  are  homologized  by  all 
authorities  with  the  postparietal  row  in  Stegocephali.  This  nuchal  series 
may  terminate  dorsally  either  in  a  single  median  plate,  as  in  Dipnoi,  all 
Rhipidistia,  many  Actinopterygii  (?supraoccipital),  or  in  double  or 
paired  median  plates,  as  in  Polypterus,  Amia,  Lepidosteus  and  all  Stego- 
cephali. 

Concerning  the  nuchal  series  in  Tristichopfcrus  alatus,  one  of  the 
Kbizodontida^.  Traquair  (1875.  p.  ^^Cy)  wrote  as  follows: 
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"Aloiij;  tiM*  iM»stennr  ni}ir;;iii  nf  the  cranial  shield  are  three  plates  in.  t, 
fij;.s.  1  and  2),  om»  mesial,  smuewhat  polygonal  in  form,  and  two  lateral,  each 
apparently  of  a  triangular  shape.  These  are  obviously  the  representatives  of 
the  three  i)lates.  which  occur  in  a  similar  position  In  Oatcolepia,  GlyptohvmuH, 
Mcffiilk'hthi/M,  &(:.  and  of  which  different  interi)retations  have  been  given  by 
different  authors.  In  Professor  Huxley's  description  of  Glifptolwmun*  the 
mesial  one  is  marked  *supra-occipital.'  the  two  lateral  *epiotic.'  Mr.  Parker ' 
has,  however,  pointed  out  that  they  are  dermal  bones,  and  not  to  be  r*<>nsidered 
homologous  with  those  other  deei)er  ossifications  of  the  cranial  cartilage.  By 
Pander'  the.\  are  in  OnivnlcinH  simply  designated  '.Hautknochen*  and  consid- 
ered to  be  e(iuivalent  to  the  Jive  little  plates,  which  in  the  recent  I'ohfptvruH 
occur  immediately  liehind  the  trans rerst*  row  of  supra-tempt^rals,  and  between 
the  pair  of  upper  supra-claviculars  Jsupra-scapulars),  being  in  reality  the  first 
scah»s  of  the  back.  On  the  other  hand,  he  considered!  the  transverse  chain  of 
small  plates  (supra-temporal)  which  lie  immediately  behind  the  parietals  of 
I^olypterus,  to  be  rciiresentel  in  Osteolcpia  inicndvpidotuH  by  the  narrow  i>or- 
tion  of  the  cranial  shield,  which  in  that  si>ecies  is  marked  off  near  the  hinder 
margin  by  a  more  or  less  interrui)t.ed  sui>erficial  transver.se  groove.  I  am  my- 
self vcr.N-  much  incline*!  to  tlie  belief  tliat  tlie  three  dermal  bones  in  question 
are  in  reality  ctpiivalcnt  to  tlie  transverse  supra-temporal  chain  in  PoJyptrrus 
and  LvpidostiUH,  and  which  liave  their  repre.sentatives  as  well  in  the  am- 
phibian Labyrinthodonta  as  in  most  Teleostean  fishes:  the  transverse  grooving 
across  th(»  posterior  part  of  the  cranial  shield  in  many  Saurodipterines  being 
l>robably  only  of  the  nature  of  su|>erlicial  markings." 

Ill  briel',  the  skull-roof  of  l{hi])i(listia  niav  ^c  rcgankMl  as  consisting  of 
the  J'ollowinir  n'^i'Hi?;  or  sftrniciils:  lirs!  a  rostrol'rontal  segment,  com- 
prising tlic  \y,\\'\<  which  later  ijccamo  separated  into  tlie  |>rcmn.\illa}, 
ethmoid,  nasals,  fiontals  and  ]JOr^tiTOnials.  In  Osieolepis  this  is  scp- 
nratctl  froiri  the  next  segment  hy  a  sliar|»ly  delined  transverse  suture, 
'i  he  srcond  or  parietal  segment  of  the  skuU-mof  includes  onlv  the  eh>n- 
gate  parietals  and  the  wrongly  named  "squamosals'^  (pterotics).  The 
third  or  oe('i|)ilal  segment  whith  is  rarely  distinct  from  the  ])reieding 
{ 0 steal e pis,  etc.)  consists  of  a  transverse  row  of  snndl  elements,  which, 
in  spite  of  their  resemhlance  to  the  dermoccipitals  an<l  lahnlaria  of  Stego- 
cephali,  an*  ]»rohahly  not  homologous  with  them.  'I'he  fourtli  or  nuchal 
M'gment.  which  originally  pertained  to  the  ]HH.'toral  girdle  rather  ihan  to 
ihe  skull,  is  sharply  separated  from  the  true  occipital  segment :  it  usually 
(onsists  of  a  single  median  and  a  pair  of  lateral  elements:  all  three  of 
these  are  usually  named  "supratemporal,"  hut  they  are  prohably  homol- 
ogous with  the  j)aired  dermosupraoccipitals  and  tahularia  of  Stegocephali. 

Kelurning  to  the  region  alM>ve  antl  behind  the  orhits  we  find  not  onlv 

"  I)<'C.  (;«H>1.  Survey,  x.  p.  '2. 
*  Shonl(l(>r  Ciirdle  and  Storniim.  p,  !'.». 

**  T>l)er  (lip  Saurodlpterlneii.  &o..  dos  Devonischen  Systems,  p.  11-12.  St.  Petersburi;, 
1800. 
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in  primitive  IMiipidistia  but  also  in  Dipierus  (Fig.  1,  .1)  a  longitudinal 
chain  of  small  elements,  bearing  the  supraorbital  sensory  line  and  extend- 
ing back  to  the  occiput.  This  series  corresponds  in  ])osition  with  the 
postfrontals,  intertemporals  and  suprasquamosals  (pterotics  or  true  supra- 
temporals)  of  Stegocephali. 

The  circumorbital  series  of  Rhipidistia  and  primitive  Dipnoi  while 
variable  in  number  and  form  likewise  correspond  in  position,  and  appear 
to  be  collectively  homologous  with,  the  prefrontal,  lacrymal,  jugal,  post- 
orbital  and  postfrontal  of  Stegocephali. 

The  spiracular  cleft,  which  in  Holoptychius,  Osteolepis  microlepidotus 
and  Polypteruji  as  well  as  in  Dapcdius  is  located  behind  and  above  the 
orbit,  appears  to  be  lost  in  many  Crossoptervgii  and  in  all  Dipnoi,  as 
well  as  in  the  Stegocephali. 

The  elements  of  the  opercular  series  of  Osieohpis  and  other  lihipidistia 
appear  to  be  only  partly  homologizable  with  those  of  Dipterus  (Goodridu 
1909,  p.  240)  ;  in  the  Stegocephali  this  series  apj)ears  to  have  been  lost 
in  part  and  in  part  preserved.  In  Osteolepis  the  preoperculum  plus  cheek 
plate  (X)  was  external  to  the  quadrate:  it  was  also  behind  the  postorl)ital 
and  jugal,  and  below  the  pterotic  or  true  suprateraporal ;  in  all  these 
respects  it  ct)rresponds  perfectly  with  the  lower  temporal  bone  of  Tetra- 
poda,  which  is  by  many  authors  identified  with  the  mammalian  squa- 
mosal. In  Osteolepis  and  Diplopterus  the  preoperculum  also  bears  a 
sensor}^  tract,  as  does  also  the  squamosal  of  certain  Stegocephali  {e.  g., 
Ceraierpeton,  Tutidanxis,  ^Foodie,  1908).  In  other  Ehipidistia  (e.  g., 
Trisfirhopterus,  Diplopterus,  Megalichthj/s)  the  preoperculum  has  an 
essentially  identical  position,  but  includes  two  elements,  a  posterior  one 
corresponding  to  the  back  part  of  ihe  preoperculum  of  Pohjpterus  and 
to  the  whole  of  the  preoperculum  of  Amia  and  an  anterior  one  (X) 
corresponding  to  the  posterior  roAv  of  postorbitals  in  primitive  Holostei, 
as  suggested  by  Traquair. 

Below  the  preoperculum  (squamosal)  in  Osteolepis  microlepidotus, 
Diplopterus,  Mcgalirhthys,  etc.,  are  one  or  two  elements  (X'),  together 
corresponding  in  position  to  the  interoperculum  of  higher  fishes,  which 
have  the  topographic  relations  of  the  quadratojugal  of  Stegocephali  and 
like  that  element  also  bear  a  senson'  tract. 

The  retention  and  full  development  of  the  operculum,  suboperculum, 
median  paired  and  lateral  gulars  sharply  separate  fho  Khipidistia  from 
the  Stegocephali.    The  fate  of  these  elements  is  discussed  below  (p.  337). 

The  under  side  of  the  skull  should,  on  general  principles,  yield  impor- 
tant evidence  bearing  on  the  problem  of  the  relatioiishij)s  of  the  Tetra- 
podn  and  the  hMn'pidistia.     Tin  fortunately  lhi<  region  was  not  described 
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r»y  Pander  or  Tnujuair  and  seems  to  be  known  only  in  Meijalichthys,  In 
this  genus.  Watson  (1912,  pp.  9-10)  has  noted  the  following  remark- 
able resemblances  to  the  very  primitive  Stegocephalians  Pleroplax  and 
Loxomma: 

"The  Basisphenoid  of  Megalichthya  has  sometimes  carotid  foramina  Just  as 
in  Loxomma.  It  has  small  but  distinct  basi-pterygoid  processes  which  arc, 
however,  not  provided  with  articulating  surfaces  but  witli  sutural  ones.  The 
long  parasphenoid  extends  forward  to  the  premaxillte  as  it  may  do  in  Ptero- 
plax.  Its  lateral  borders  are  in  contact  with  the  Pterygoids,  to  which  they 
afford  sui)port,  and  the  bone  is  connected  with  the  roof  of  the  skull  by  a  fused 
ethmoid. 

"The  Pre-vomer  is  identical  with  that  of  *Loxomma*  in  the  majority  of  its 
attachments,  carries  one  large  tusk  and  a  pit  for  the  replacing  tooth.  It  meets 
its  fellow  of  the  opposite  side,  and  forms  the  front  of  the  posterior  naris;  it  is 
doubtful,  however,  if  it  meets  the  palatopterygoid. 

"The  Palatopterygoid  of  Mcgalichthya  is  exceedingly  like  the  palatine  and 
pterygoid  of  Pteroplax.  They  have  similar  relatione  to  the  basisphenoid, 
parasphenoid  and  maxilla.  There  is  the  same  row  of  small  teeth  parallel  to 
those  of  the  maxilla  with  larger  teeth  inside  them,  and  the  pterygoid  is  cov- 
ered with  the  same  shagreen  of  fine  teeth.*' 

Watson  also  states  that  unlike  later  Stegocephali  Loxomma  has  a  single 
median  occipital  condyle  on  the  basioccipital,  and  that  this  condyle  '"ex- 
actly resembles  the  end  of  a  vertebral  centrum,  which  it  no  doubt  is.*' 
In  these  features  Loxomma  therefore  agrees  with  Rhipidistia  rather  than 
^vith  typical  Stegocephali.  In  reference  to  the  dentition  of  Loxomma 
War  son  states  that: 

"The  Palatine  is  very  similar  to  the  transverse  in  general  character,  but 
bears  two  large  tusks  near  its  outer  border.  Each  of  these  teeth  has  assof*i- 
ated  with  it  a  shallow  pit  from  which  a  tooth  has  been  shed,  and  in  which  a 
replacing  tooth  will  be  formed.  In  some  cases  both  teeth  are  present  at  once, 
a  condition  which  was  undoubtedly  only  transitory ;  this  curious  type  of  tooth 
change  is  very  characteristic  of  the  Stegocephalia,  and  is  unknown  elsewhere 
exci*pt  in  the  Crossopteryglan  •  fish,  where  it  occurs  in  a  very  typical  form  in 
the  v(»merine  tusks  of  Mcgalichthya,  and  no  doubt  in  many  other  genera,  and 
in  Lrpidostcus.  This  occurrence  seems  to  me  a  strong  additional  reason  for 
regarding  the  Tctrapoda  as  derived  from  this  group  of  fish." 

'i'he  infolded  base  of  the  teeth  in  the  Khizodontidaj  is  also  stjongly 
suggestive  of  stegocephalian  affinities,  but  may  be  only  an  independent 
adajjtive  device  for  fastening  the  teeth  to  their  bases. 

*  "Throughout  this  i>aper  'Crossopteryglan*  \h  used  as  including  only  the  three  famlllei 
Holoptychildu*.  Khizodontidii*  and  Osteolepldee  of  S.  Woodward's  sub-order  Rhipidistia, 
and  (xrludin^'  TamtmiuM.  Vnlutanthun  mid  PolypttruH."     (WntMin). 
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Although  the  chondroiraniuin  of  Rhij)idistia,  except  for  the  biusioo- 
cipital  and  ])asisp]ienoid  elements,  is  not  well  known,  it  was  probably 
fundamentally  similar  to  that  of  Polypterus,  and  here  it  may  be  remarked 
also  that  the  sphenethmoid  of  that  fish  is  similar  to  the  element  of  the 
same  name  in  modern  Amphibia,  and  that  Broom  (1013,  p.  587)  has 
recently  described  the  sphenethmoid  of  the  stegocephalian  genus  Eryops 
as  recalling  that  of  Polypterus  in  ceii;ain  details. 

The  lower  jaw  of  Rhipidistia  differs  considerably  in  form  from  that 
of  Stegocephali  and  retains  a  full  series  of  gular  elements  median,  paired 
and  lateral,  as  well  as  a  row  of  inf radentaries ;  certain  of  these  elements, 
especially  the  paired  gulars,  seem  to  have  been  lost  in  the  Stegocephali, 
while  some  others  are  w^ith  difficulty  traceable. 

In  spite  of  these  differences,  how^evcr,  the  primitive  stegoeephalian  jaw, 
as  described  for  instance  by  Williston  (1913),  Broom  (1913,  p.  575)  and 
Watson  (1912,  p.  11),  has  many  important  characters  in  common  with 
the  jaws  of  Osteolepis  and  Rhizodopsis,  as  described  respectively  by 
Pander,  Traquair  and  others.  Putting  together  the  suggestions  of  ho- 
mologies made  by  Smith  Woodward,  Watson  and  Broom  (1913,  pp.  77- 
7'8)  we  would  have  the  following  table: 


RHIPIDISTIA 

First  Infnuloiitnry 

I  ntermediate  inf  radon  tiiries 

Posterior  two  infnulentnries 

Dentary 

Coronoids  (  ?  "si>Ieniar'  of  Amia 

and  Polyp  tern  ft) 
Prearticular   (SauriptcruM) 
Articular 


STKOOCEPIIALI 

Splonial   (Woodward) 

I^ostsplonial   (Watson) 

Angular  and  suranjirulnr 

Dentary 

Coronoid  and  preooronoid 

Prearticular 
Articular 


STEGOCEPHALI 


When  the  classification  of  the  dermal  elements  of  the  skull-roof  which 
has  been  worked  out  in  the  preceding  pages  for  the  Rhipidistia  ifi  applied 
to  the  skull-roof  of  the  Stegocephali  the  following  correspondence  results 
(c/.  Fig.  3) : 
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RH IPIDISTI A  STEGCHTKIMI  ALI 

A.  Dorsal  series 

1.  Uostro-frontal  segmeut 

rremaxilUe  ^  Preiiiiixillie   "\ 

Ethmoid         C  More  or  less  uiKlivided  Ethmoid         C  Shnrj^ly  separates! 

Nasals  \  Nasals  ) 

"Anterior  frontals"  (ectethmoid)  ?  Septomaxillary 

Frontals  Frontals 

2.  Parietal  segment 

Tariotals  Parietals 

•'Sqnamosiils*'  (pterotics)  Pterotics    ( "Supratemiwrals",  "supra- 

s<iuamosal.s") 

3.  Occipito-nuchal  segment 

(Nuchal  median  "supra temporal")  Paired    dermo-supraoccipitals     (post- 

parietals) 
Lateral  "supra temporals"  Tabularia  ("epiotlcs") 

B.  Circumorbital  series 

Including  a  variable  number  of  ele-      Including  always  five  elements:  pi*e- 
ments:  in  Holoptychlidae,  Glyptopo-  frontal  lacrymal.  Jugal,  postorbital. 

mido^,   three    ("prefrontals".   **po8t-         postfrontal 
frontals".  "suborbitals'^)  ;  in  Osteo- 
lepidje  four  or  five ;  in  Rhizodontlda' 
five 

C.  Temporal-opercular  series 

Pterotic  ("squamosal")  I'terotic    (supra temporal,    suprasqua- 

mosal) 
Cheek   plate   X    (—posterior  postor-      Squamosal 

bital  of  Amia)  and  true  operculum 
Cheek  plate  X'  ( interoperculum )  Quadra tojugal 

( Operculum  ?  Become  mtmibranous.  or  transformed 

into  tympanic  membrane  of  Stere- 

ospondyli 
Suboperculum  ?  I^st  (become  membranous) 

The  dorsal  sefrnioiits  as  above  defined  iudude  onlv  transverse  zones ; 
but,  running  longitudinally  from  the  top  of  the  orbit  to  the  top  of  the 
occif)ut  and  external  to  the  primitive  spiracular  cleft  (Pohfpternji.  Ifnlo- 
ptychius),  there  is  a  postorbito-pterotic  row  which  corresponds  in  posi- 
tion to  the  postorbitals,  intertenL{)orals  and  pterotics  (supratem[x)ralj?) 
of  Siegocephali. 
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The  supposed  correspondence  in  the  elements  of  the  lower  jaw  between 
the  Osteolepidw  and  Rhizodontida;  on  tlie  one  hand  and  the  most  primi- 
tive Stegocephali  on  the  other  have  been  noted  above  (p.  334), 

According  to  Watson,  the  resemblances  in  the  under  side  of  the  ekuU 
between  Megalivhihys  and  the  primitive  Stegocephali  {Loxomma,  etc.), 
which  have  a  single  occipital  condyle,  is  remarkably  close,  and  apparently 
there  is  little  doubt  as  to  the  homology  of  the  following  elements  in  the 
two  groups:  premaxillte,  maxillffi,  prevomers,  palatoptetygoids,  para- 
sphenoid,  quadrates,  hyomandibular  (stapes),  basisphenoid,  basioccipital 


— iffruJI  iialttriit  ••!  Tiimfiwluuliii  anil  Iliiilapteru/ 

roUD  alrgocvpliBllUD.  rrtmeroilwi'hit  mediiii  (ordsr  Temnospondjll), 

cuDlan  oat««tepld  rhlpldlHtlan  DIptoptenii,  after  Jackel    (Iftterlug 

Kl«.  ;;,  p.  ;iriO ;  also ;  /(,  Inlerteroporal ;  fl.m,  hsomandtbular  {coId- 
mella  aurlsj  ;   ?  b]'.   V  symplecllu  {'iexlta  columL'UaJ. 

In  B  the  Interlrootal  loraineD  Is  ldentlB«d  by  authors  as  [be  pineal  opening.  The 
brain  nas  probably  tocated  Tar  turnard. 

(a  modified  centrum).  Again  the  elements  of  the  chondrocranium,  so 
far  as  they  are  known  in  Stegocephali  {Trimerorhachis,  Eryops),  seem 
to  forrespoud  in  general  plan  ii'ilh  the  conditions  in  the  existing 
Poh/pterus. 

It  is  conceivable  that  the  Sicgocephuli  may  have  branched  off  from 
the  stem  of  the  Rhipidistin  before  the  skull-roof  became  fully  ossified, 
but  the  e-\istunce  of  such  an  extensive  series  of  correspondences  offers 
strong  evidence  of  community  of  origin.  It  seems  reasonable,  therefore, 
to  conclude  (liiit  the  primitive  stcgocephalian  skiiil  has  beeJi  derived  from 
the  rhipidiplian  skull  through  the  following  adiiuifes: 
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1).  The  rostro-fronlal  segiiieiit  has  usually  l)ec(>me  more  elongate  and 
always  more  completely  ditferentiated  (nostrils  larger,  separate  nasals 
and  premaxilla?,  distinct  internal  nares). 

'<?).  The  orl)its  have  increased  in  size  and  are  generally  displaced  back- 
ward farther  from  the  nares. 

''}).  A  pineal  foramen  heiween  the  parietals  has  appeared. 

4).  The  elements  of  the  skull-roof  usually  have  acquired  more  polyg- 
onal, or  angulate,  and  less  rectangular,  outlines. 

5).  The  postorbito-pterotic  series,  lying  above  the  spiracle  and  bear- 
ing a  supraorbital  sensory  tract  has  given  rise  to  the  postorbital,  inter- 
temporal and  true  supratemporal  (pt^rotic)  of  the  Stegocephalia  {cf., 
Stcrjops  divaricata  Moodie). 

<5).  Tiu-  circumorbital  series  have  come  into  closer  suiural  relations 
with  tin*  surrounding  elements  and  appear  as  the  prefrontal,  lacrymal, 
ju;::al,  postorbital  and  postfrontal. 

4  ).  Wiicn  the  shoulder-girdle  became  freed  from  the  skull  by  the 
inrophy  of  the  posttemporals  the  juedian  nuchal  plate  became  lirmly 
attached  to  the  parietals  and  was  divided  by  a  median  suture  into  the 
j)aired  clrriaosuj)raoccipitaLs,  while  the  lateral  nuchals,  also  becoming 
Dltached  t(»  the  parietals  and  pterotics,  gave  rise  to  the  tabularia  (epi- 
otics). 

8).  The  operculum  and  suboperculum,  as  well  as  the  median  paired 
and  lateral  gulars,  lost  their  bony  constituents  and  became  membranous. 
riiis  may  have  resulted  from  a  complexit}'  of  changed  conditions  follow- 
ing;" upon  the  assumption  of  air-breathing  habits;  the  dwindling  of  the 
1  ranohial  arches  and  the  reduction  of  the  deithrum  (with  which  in 
Crossopt^rygii  the  operculum  is  in  close  contact,  see  page  354).  The 
l>ranchial  chamber  may  also  have  served  more  or  less  as  a  resonating 
I  hamber  and  sound  vibrations  nuiy  have  been  transmitted  from  the  outer 
air,  through  the  operculum  and  hyomandibular  (stapes)  to  the  side  of 
the  otic  capsule,  so  that  the  operculum  may  have  given  rise  to  the  tym- 
nanic  membrane  of  Stereos pondyli,  which  had  the  locus  of  the  operculum 
and  was  in  contact  with  the  squamosal  (preoperculum),  stapes  (hyo- 
inandihular)  and  tabu  hire  (lateral  shoulder  plate). 

I>).  The  preoperculum  and  interoperculum  (X')  covering  the  side  and 
lower  y)art  of  the  jpiadrato  in  l*hipidislia  did  not  share  the  fate  ot*  the 
operculum  but  gave  rise  to  the  scjuamosal  and  quadratojugal,  respectively. 
10).  As  a  result  of  the  loss  of  the  hcmy  character  of  the  opercnla  the 
fossilized  skull  of  the  Stegocephali  is  sharply  truncated  behind  the  rxM-iput 
and  squamosal  and  in  the  young  stages  the  branchial  arches  (c/..  Branch- 
in.<nurvii)  are  exposed.     As  the  Stegocephali  were  almost  certainly  de- 
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rivi'd  froiu  Ostruhtlives  ol'  soiiu*  .sort,  it  is  highly  prohable  that  their 
jincestors  had  i'lilly  tleveh^ped  iiiuhal,  oj)er(.-u]ar  and  branch ioste^i^al  or 
gular  elements,  and  their  <lisai)i)earanee  may  he  aeeounted  lor  by  tiie 
foregoing  hyf)otht?sis. 

11).  The  "otic  noteli,"  l)el\veen  the  cornu  of  the  tabulare  and  tJie 
s(|uamosa],  was  probably  not  a  direct  inheritance  from  rhipidistian  con- 
ditions but  was  ])rogressiveIy  developed  in  the  Stegocephali. 

12).  From  AVatsoii's  observations  on  Megalichthys  it  wvmld  appear  that 
the  base  of  the  sknll  was  transmitted  from  the  rhipidistian  stem  to  the 
earliest  Stegocephali  with  very  little  change,  but  iii  the  typical  Stego- 
cephali the  median  oecipital  condyle  had  been  largely  withdrawn  and  the 
paired  exoccipitals  furnished  the  chief  articular  surfaces  for  the  vertebral 
column,  while  the  interplerygoid  vaeuiiy,  becoming  much  expanded,  gave 
rise  to  the  well-known  fenestrate*  palat(»  with  widely  divergent  pterygoids. 

COMPARATIVK    StFDY    OF    TIIK    PkCTOKAL    LlMlJS    IX    PkIMITIVK    FiSIFKS 

.AXD    TkTHAPODA 

OHIGIX   AM)    KAIlI.y    Hl.VroiJY    OF   TIIK    LO((>ilOTIVi:   APrAIlATrs    OF 

VKItTKlJ  HATES 

The  probhmi  of  the  origin  of  the  Tetrapoda  in  practice  is  not  easy  to 
circumscribe  or  isolate;  for  it  is  almost  inextricably  connected  with  other 
phylogenetic  and  morphological  problems,  including  some  of  the  widest 
scope. 

After  we  haNc  comi)ared  the  skulls  of  the  earliest  Tetrapods  with  tliose 
of  fishes  and  have  adopted  provisional  views  as  to  the  homologies  and 
transformations  of  the  various  elements  of  the  skull  in  the  two  classes, 
we  must  take  up  the  difficult  ])roblem  of  the  origin  of  paired  limbs  of 
cheiropterygial  type  from  some  form  of  piscine  appendages.  But  no 
satisfactory  solution  of  this  can  be  attained  until  the  problem  of  the 
origin  of  tins  in  general,  including  both  median  and  paired  tins,  has  been 
attentively  considered.  Here  we  must  weigh  (iegenbaur's  famous  theory, 
that  the  median  and  the  ]mired  tins  have  had  a  diiferent  mode  of  origin, 
the  paired  fins  being  modified  gill  structures,  against  tin?  opposijig  theory 
that  both  metlian  and  |)aired  (ins  have  ha<l  a  similar  mode  of  origin,  from 
folds  of  skin:  and  after  we  ri*alize  the  far-fetched  and  mystifying  char- 
acter of  Oegenbaur's  theory  ami  the  strength  of  the  embryological  and 
palwontological  evid<Mice  in  favor  of  the  o])j)osite  th(M)ry  that  has  been  set 
forth  by  Wiedersheim  (lS!r^)  and  in  more  recent  years  by  Goodrich, 
Dean,  R.  (\  Osburn  (IDOO)  and  others,  Ave  come  to  the  further  realiza- 
tion that  paired  limbs.  paire<l  tins  and  median  fins  are  all  purely  acces- 


GREGORY,  I'REHHyT  *^TATUfi  OF  ORIGIS  OF  TETRAPODA         339 

pc^rv  locomotive  8tnicniros,  which  traii.sinit  t(»  the  surrouiidiiig  or  sup- 
porting: niodiuni  the  thrusts  (»f  tlie  priinarv  and  08S(»ntial  locomotive 
or<rans,  which  are  the  mvomeres.  ^ 

If  in  tuni  we  ijiquire  int(^  the  nature  and  origin  of  the  myomeres  we 
(^ntiT  upon  some  of  the  master  prohlems  of  \ertehrate  morpholot^y,  espe- 
ciallv  the  oriecin  ot  the  mesenchvme,  mesoderm  and  cfclom,  the  earlv 
nictanierism  of  the  chordates  and  the  phylotic  relations  of  the  C'hordata 
to  other  phyla  of  Metazoa.  While  no  one  would  claim  that  thes**  <^reater 
prohk-ms  are  fully  settled,  yet  the  modem  studies  of  SedgAvick.  Lankes- 
r«T.  Goodricli,  Patten.  Castle,  Kingsley,  Willey,  Delate  and  ITrrouard 
{ l.^!>8)  and  manv  others.  alTord  a  stron<x  cn  idential  hasis  for  some  such 
sy nthrtie  concept  of  th(*  earlier  evolution  of  th«*  chordates  as  may  now  be 
'•utlined.'^ 

Thr  pre-Silurian  and  perhaps  pre-Cambrian  ancestors  of  the  Chordata 
wrre.  T  believe,  related  neither  to  the  Arthroj)oda,  Annelida  or  any  other 
pliylum  exhibitinfr  metamerism;  the  elaborate  ri*semblances  discerned  by 
Patten  and  others  between  limuloid  and  chordale  structures  being  re- 
irarded  as  the  houK^plastic  results  of  similar  locomotive  adaptations  on 
the  j>art  of  indejiendent  ])hyla  having  in  common  chiefly  the  following 
»'haracters:  (a)  anteroposterior  motion,  (&)  a  metAmeric  repetition  of 
mesodermal  tissue,  (c)  a  subse(|uent  independent  process  of  cephal(>gen- 
esis  or  concentration  of  neuromeres. 

Possibly  these  pre-Silurian  chordates  may  hav<;  traced  back  their  tirigin 
tn  the  stem  of  the  echincKlerms,  or  thev  mav  have  been  ccelenterates  of 
st^me  sort,  as  suggested  by  Sedgwick  and  l>y  Masterman.  Possibly  they 
are  pictured  in  a  'reneral  wav  bv  the  earlv  larva^  of  Balanonlossus  and 
ec-hinoderms.  At  anv  rate  thev  were  at  first  more  radiate  than  bilateral 
in  plan.  They  had  a  m(»re  or  less  ciliated  epidermis,  the  cilia  being  the 
first  locomotive  organs  of  all  known  ])hyla.  Their  primitive  gut  or 
archenteron  mav  have  borne  several  diverticula,  more  or  less  similar  to 
the  five  "archimeres"  of  BaJanoglossus,  which  were  destined  to  give  rise 
to  the  myocielomie  jxaiches  of  chordates  (Lankester).  These  myocoe- 
lomic  pouches  are  thought  by  some  to  have  surrounded  the  gonads,  which 
were  derived  from  the  archenteron,  and  a  primary  segmentation  of  the 
;:onads,  C(»r responding  to  that  of  the  myotomes,  was  assumed :  but  Kings- 
ley  states  (1912,  p.  3P.M  that  in  the  existing  vertebrates  no  metamerism 
of  th(»  gonads  exists.  At  any  rate  the  segmental  myoctclomic  pouclies 
verv  early  came  into  functi(»nal  relations  with  the  gonads,  through  the 
f<>rmation  of  segmental  Jiephridial  ducts. 

'  A   prvllmlnary   r<'|N>rt  on  thin  Riibject  wav  read  befun*   the   New   York    Academy  of 
Stionrt"*.  Nov.  1;:.  1011.     AliHinu-t  Id  Sri«.nri'  N.  S..  v<»l.  XXXCV.  p.  HWi.     \\\\\. 
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The  steps  by  which  the  primitive  radiate  syniiuetry  changed  into  bilat- 
eral symmetry  are  quite  vague,  but  the  change  no  doubt  involved  the 
progressive  contractility  of  the  myocoelomic  pouches  and  the  assumption 
by  some  of  them  of  a  partly  locomotive  function. 

Bilateral  symmetry  was,  at  least,  one  of  the  earliest  of  all  chordate  ac- 
quirements and  may  have  led  the  way  for  such  fundamental  characters 
as  metamerism,  a  notochord  and  a  nervous  system  of  vertebrate  type. 
The  jnyoccelomic  pouches  very  early  began  to  increase  in  size  and  num- 
ber and  in  power  of  contractility;  all  this  accompanying  an  emphasis  of 
bilaterality,  a  moderate  lengthening  of  the  anteroposterior  axis  and  the 
assumption  of  an  obtusely  fusiform  shape.  The  nervous  elements,  per- 
haps originally  more  or  less  diffused  in  the  skin,  were  segregated  in  defi- 
nite tracts,  which  foreshadowed  the  chordate  neuron  and  segmental 
nerves.  The  anterior  part  of  the  gut  gave  off  paired  diverticula  on  either 
side,  which  may  at  first  have  served  to  draw  in  a  food-bearing  current  of 
water,  but  later  assumed  a  respiratory  function,  acquired  exterior  iistulae 
and  gave  rise  to  the  branchial  apparatus  of  chordates.  Tlie  myocoe- 
lomic sacks,  extending  ventrally,  inclosed  the  primitive  gut  below;  the 
coelenterate  mouth  was  closed  and  a  new  mouth  was  opened,  formed  from 
the  coalescence  of  opposite  pharyngeal  diverticula.  The  dorsal  moiety  of 
the  myocwlomic  sacks  gave  rise  to  the  muscle  segments,  the  ventral  moi- 
ety to  the  coelom.  Meanwhile  the  mesench}Tiie,  which  in  modern  verte- 
brates arises  chiefly  from  the  splanchnic  and  somatic  walls  of  the  muscle 
plates,  was  giving  rise  not  only  to  the  corpuscles  of  the  blood  and  lymph, 
but  also  to  the  deeper  layer  of  the  skin  (corium),  the  involuntary  muscles 
and  the  connective  tissue  antecedents  of  cartilage  and  bone  (Kingsley), 
all  of  which  were  destined  to  become  of  the  utmost  importance  in  the 
further  development  of  the  locomotive  organs. 

The  notochord  perhaps  arose  as  a  ciliated  groove  on  the  dorsal  wall  of 
the  gut,  its  locomotive  fimctiou  being  secondary.  The  circulatory,  excre- 
tory and  respiratory  structures  were  all  accessory  adaptations  for  more 
rapid  metabolism,  following  the  primary  change  of  myocoelomic  pouches 
into  locomotive  organs.  During  these  early  stages  there  was  but  little  ' 
differentiation  of  head  and  trunk,  the  pharyngeal  region  was  large,  and 
cephalogenesis,  or  fusion  of  neuromeres  etc.,  was  in  a  low  stage. 

A  critical  stage  in  vertebrate  evolution  was  reached  when,  through  the 
cooperation  of  the  vascular  system  and  of  the  rapidly  differentiating 
mesenchyme,  a  twofold  skin  was  substituted  for  the  primitive  ectoderm, 
and  connective  tissue  began  to  be  formed  around  the  notochord,  around 
the  sensory  capsules,  beneath  the  skin,  Ijetwt'cn  the  myomeres  and  be- 
tween the  gill  pouches.     Still  later  the  process  of  ossification  and  calcifi- 
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cation  not  only  gave  rise  to  a  more  fully  protective  exoskeleton,  but  af- 
forded more  rigid  bases  or  fulcra  for  the  attachment  of  the  segmental 
muscles. 

A  further  development  of  the  muscular  system,  involving  superior 
locomotive  powers,  rapidly  ensued,  resulting  in  a  corresponding  improve- 
ment in  offensive  and  defensive  adaptations.  The  primitive  food  habits 
required  only  that  microscopic  food  particles  be  drawn  into  the  pharynx 
by  ciliated  tracts  and  later  by  the  sucking  action  of  the  branchial 
pouches,  but  these  primitive  habits  were  later  abandoned  for  the  active 
pursuit  of  larger  prey.  At  this  stage  also  the  conditions  necessary  for 
fossil ization  were  fulfilled,  the  palaeontological  record  opens  with  the  Si- 
lurian ostracoderms,  and  speculation  can  be  replaced  by  recorded  history. 

OSTRACODERMI 

The  subsequent  history  of  the  head,  as  thus  conceived,  has  been  out- 
lined above  (pp.  318-338).  The  acquirement  of  a  many-layered  skin  and 
of  osseous  or  calcareous  deposits  in  the  exoskeleton  also  conditioned  the 
formation  and  rapid  improvement  of  accessory  locomotive  organs,  espe- 
cially the  fins.  From  the  beginnings  of  bilateral  symmetry  and  of  the 
ditTon^itiatioii  of  the  head-end  from  the  tail-end,  there  must  have  been  a 
ten<lenry  for  the  locomotive  end  of  the  body  to  protnide  behind  the  ter- 
minus of  the  primitive  gut,  and  to  become  laterally  compressed,  while  the 
tip  of  the  head-end  became  either  dome-shaped  or  depressed  In  the 
ostracoderms  the  caudal  end  is  already  provided  with  a  web  of  skin,  serv- 
iiiir  as  a  sweep  and  strengthened  dorsally  by  ridge  scales.  The  form  of  the 
liard  parts  was  everywhere  conditioned  by  the  arrangement  of  the  imder- 
lying  myomeres  and  their  connective  tissue  septa,  as  shown  clearly  in  the 
arrangement  of  the  scales  in  modern  fish.  Dorsal,  ventral  and  caudal 
outgrowths  of  various  shapes,  strengthened  by  hard  scales  or  scutes, 
s(TA  ed  to  transmit  the  thrust  of  the  myomeres  to  the  surrounding  medium. 

Tlic  fusiform  free-swimming  Birkeniida?  while  well  provided  with 
median  or  vertical  fins  were  apparently  not  provided  with  horizontal  or 
paired  fins  for  steering  up  and  down,  this  perhaps  being  effected  by  twist- 
inir  the  body.  Thelodus  and  Lanarkia  on  the  contrary  were  more  or  less 
ray-liko  in  form  and  the  lateral  angle  or  lappet  of  the  body  may  have 
assisted  in  steering  up  and  down  and  in  veering  or  dipping  to  one  side  or 
the  other.  The  Cephalaspida?  had  a  pair  of  fleshy,  scaly  flaps  behind  the 
cephalothoracic  shield,  which  may  have  been  of  considerable  assistance 
in  steering.  In  the  Antiarchi  the  pair  of  lateral  appendages  behind  the 
head  were  protected  by  a  many-layered  osseous  armor,  jointed  so  as  to 
permit  bending,  and  vaguely  .suggestive  both  of  arthropod  appendages 
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and  of  the  shell-eovered  flippers  of  tortoises.  A  few  aiitliors  have  even 
endeavored  to  honiolo^Mze  the  x>aire<l  appendages  of  Antiarchi  with  the 
pectoral  limbs  of  trnatliostoniesl  Pelvii!  paired  fins  are  absent  in  the 
Ostracodermi  and  Aiitiarchij  and  also  in  the  Artbrodira,  as  Dean  (1909, 
pp.  282-287)  has  shown. 

AUTunoniiiA 

1'he  exoskeleton   of  tlie  Antiarchi   afforded   an   ample   l>ase   for  their 
]iainMl  a|)pen(hi;xes  as  well  as  for  the  iniiseies  of  tlie  head  and  thorax,  and 
the  same  is  true  in  the  case  of  those  Artbrodira  which,  like  Acanthaspis, 
ba<l  paired  s[)ine-like  a])pendaires  attached  to  the  anteroex.ernal  corners 
of  their  osseous  ]>lastron.      Here  it   mav  be  noted   that  tlie  attempts  of 
.Taekel,  Tate  IJepm  and  Pa: ten  t(»  Jionujlotrize  the  elements  of  the  thoracic 
plates  of  Ai'throdira   with  the  dermal  plates  of  the  shoulder-girdle  of 
Osteicbtbyes  appear  to  the  present  writer  to  c<»nstitute  a  begging  of  the 
question.    There  are.  it  is  true,  vague  resemblances  between  the  "clavicu- 
lar'' and  other  thoracic  plates  of  Artbiodira  and  the  pectoral  plates  of 
Osteicbtbyi»s,  but  in  view  of  the  amazing  p<»wers  of  convergent  evolution, 
which  are  known  bv  experience  to  manv  invest i<j:a tors,  whv  should  we 
assume  a  homology  or  a  series  of  homol(>gies  and  then  regard  them  as 
a  basis  for  phylogenetic  speculation?     The  "homologies"  assumed  l)y 
Jaekel,  Patten  and  Tate  Regan  are  based  merely  u[)on  a  general  similarity 
in  the  s|)atial  relations  of  certain  plates  in  Artbrodira  and  Osteicbtbyes 
with  nd'erence  to  assumedly  homologous  siarting-points.     Given  paired 
orbits  in  the  two  phyla  and  Jaekel  will  call  the  median  dorsal  element 
lying  between  the  orbits  '*frontale/'  the  elements  behind  it  ''parietalia'' 
and  the  median  occipital  element  "occipitale  superius"  and  assume  that 
the  so-named  plates  are  homologous  with  those  of  Osteicbtbyes.     And  the 
supposed  homologies  of  the  arthrodiran  shoulder  platxjs  with  those  of 
()st<»icbthyes  are  equally  arbitrary  and  unconvincing.     This  matter  is  of 
some  importance  to  our  main  topic,  the  origin  of  the  Tetrapoda,  for  in 
Professor  .lackers  early  schemes  the  Tetrapoda  and  the  Placodenni  w^ere 
indicated  as  having  sprung  from  a  common  pro-tetrapod  stock;  Patten 
too  conncH-ts  the  Artbrodira  with  the  stem  of  the  Dipnoi  and  Amphibia 
an<l  homologizes  the  pectoral  plates  of  Dipnoi  with  those  of  Artbrodira. 
According  to  the  view  here  adopted  the  Artbrodira  may  be  an  oiTshoot 
from  the  antiarchian  stem,  which  "paralleleil"  and  even  surpassed  the 
Osteicbtbyes  in   the   development  of  the  exoskeleton   of  the   head  and 
thorax,  but  failed  to  buihl  up  the  endoskeleton  to  the  same  degree.     Xor 
were  their  accessory  bK'omotive  organs  (cau<lal  tin,  dorsal  fin)  as  highly 
<  rganized  as  in  either  the  Klasmobranchii  or  the  Osteicbtbyes. 


I      A 
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ELASMOBRANCHII 

In  ilu'  farliej?t  known  elasmobranchs,  the  Aeanthodii  of  the  Upper 
Silurian  and  Devonian,  tho  loconiolivc  a[)paratus  as  a  whole  was  in  a 
much  more  advanced  stage  than  in  the  typical  Ostracoderini  or  Arthro- 
dira.  The  locomotive  part  of  the  body,  namely,  the  trunk  and  tail,  is 
from  three  to  six  times  as  long  as  the  cephalo-pharyngeal  region  and  no 
heavy  thoracic  armor  imj>edes  the  undulation  of  the  fusiform  body.  In 
the  earliest  forms  the  median  and  paired  lins  are  of  large  size  and 
unusually  numerous,  for  in  additicm  to  the  two  dorsal  fins,  tiie  anal  and 
the  caudal  fin,  there  is  a  whole  row  of  accessory  [»aired  iins,  or  fin  spines, 
'net ween  the  i>ectorals  or  pelvics,  suggesting;  the  former  presence  in  this 
region  of  paired  ventral  fin-folds.  The  Acanthodii  are,  however,  defi-  ' 
hilely  excUided  from  ancestry  to  the  higher  ty])es,  by  the  lact  tliat  the  ^  ■' 
txoskeleton  was  more  highly  develo|>ed  than  the  endoskeleton.  The  an- 
terior borders  of  all  the  iins  both  median  and  paired  were  supported  by 
tin-spines,  which  are  believed  (Dean,  1IM)7,  p.  21C)  to  represent  clusters 
<»f  originally  met^uneric  dermal  tubercles.  Functional  ])ectoral  and  pelvic 
girdles  were  also  develoj)ed  from  dermal  elements,  and  perhaps  served  for 
the  insertion  of  powerful  juusdes,  as  well  as  for  the  support  of  the  heavy 
bpines.  But  the  underlying  cartilagin(ms  elements  were  little  if  any 
<leveloped  and  in  jny  view  the  dermal  elements  of  the  girdles  were 
analogous  but  not  homologous  with  those  of  Osteiohthyes.  In  some 
acanthodiajis  {Gyracanihus)  the  peetoral  fin-spines  became  overspecial- 
ized  and  attained  a  relatively  enormous  size;  in  other  lines  all  the  spines 
were  reduced  an<l  the  body  in  the  later  types  became  much  elongate  as  in 
many  other  decadent  groups  of  fishes  (A.  S.  Woodward). 

In  brief  the  Acanthodii  failed  to  carry  the  exoskeleton  l>eyond  a   lowM 
stage  of  evolution,  and  their  dennal  shoulder-girdle  was  develo])e(l  inde- 
pendently of  tliat  of  the  Osleichthyes.  ;^\ 

The  (^ladoselachii  avoided  the  line  of  specialization  typified  by  the 
Acanthodii  and  in<leed  went  to  the  otlier  extreme  in  sacrificing  a  large 
part  of  the  exoskeleton.  But  they  carried  much  further  a  process  which  ^ 
in  the  Acanthodii  was  barely  begun  and  soon  abandoned,  namely,  tho 
liuilding  up  and  calcificatiim  of  rods  of  cartilage,  lying  between  the 
myomeres  and  extending  out  int(»  the  median  and  paired  fins;  these 
nu'tameric  cartilaginous  rods  ivached  almost  to  the  tips  of  the  fins,  they 
were  jointed  at  the  IhxIv  line  and  witliin  the  trunk  thev  underwent  more 
or  less  coalescence  and  enlargement,  giving  rise  to  tlie  cartilaginous 
girdles,  basals  and  radials.  In  tliis  group  the  paired  fins,  like  the  median 
fins,  had  a  wide  base  which  was  not  exserted  posteriorly  from  the  ))ody; 
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Dor  were  the  basal  cartilages  widely  protruded.  Coiisequeully  tlie  paired 
fills  were  used  ratlier  as  steering  planes,  which  could  he  raised  or  lowered 
or  gently  undulated,  rather  than  as  paddles,  capable  of  twisting  about  a 
narrow  base. 

The  typical  elasmobranchs  have  followed  a  conservative  line  in  the 
evolution  of  their  fins:  in  the  distal  portions  of  all  the  fins  they  have 
developed  horny  dermal  rays  or  ceratotrichia,  which  lack  a  bony  or  cal- 
careous basal  portion,  but  serve  well  as  the  flexible  elastic  fin-web.  In 
the  typical  sharks  the  basal  cartilages  have  become  more  or  less  widely 
protruded  from  the  body-wall,  the  base  has  shortened  and  the  posterior 
border  of  the  fin  has  become  sharply  exserted  or  entirely  freed  from  the 
body-wall,  with  more  or  less  rearrangement  of  the  basals  and  radials; 
consequently  the  pectoral  fins  of  sharks  and  still  more  of  chimoeroids  have 
become  very  efficient  paddles,  capable  of  a  wide  range  of  movements.  In 
the  skates,  on  the  other  hand,  after  the  primary  shortening  of  the  base 
and  coalescence  of  some  of  the  basal  rods,  there  was  a  secondary  antero- 
posterior widening  of  the  fin,  a  multiplication  of  the  radials,  with  dichot- 
omization  of  the  distal  ends,  and  a  great  forward  and  backward  exten- 
sion, with  rorrospoiKlin^^  ('ni])hasis  of  the  power  to  undiihr.e  the  outer 
border.  The  pectoial  gin  lie  aecordingly  Ix^eomes  a  stout  depressed  hoop 
and  secures  a  firm  articulation  dor<ally  witli  the  vertebral  column.  All 
such  improvements  in  the  luedian  and  paired  fins  have  been  accompanied 
by  a  great  streng:hening  of  the  axial  skeleton,  and  bv  the  functional 
replacement  of  the  notoehord  by  the  ca  lei  lied  centra,  developed  in  and 
around  the  periohordal  sheaths. 

The  pleuracanth  sharks  are  of  historical  ini]^ortance  in  any  discussion 
of  the  early  history  of  tlie  paired  limbs.  Their  pecioral  liml)s,  recalling 
the  ^'archipterygiaT'  type  of  Gegenhaur,  were  assumed  to  he  the  most 
[•rimitive  form  known  and  the  vague  resemblance  of  the  pectoral  girdle 
and  fin  to  a  ^ill-arch  and  its  extrabranchial  ravs  were  bv  no  means  over- 
looked.  But  it  is  now  coming  to  be  realized  that  the  pleuracanths,  which 
are  of  Permocarboniferous  age,  were  highly  specialized,  aberrant  sharks, 
living  in  fresh-water,  along  with  braneliosaurs,  microsaurs  and  other 
swamp-dwelling  types,  wriggling  about  wiih  their  long  Gifmnotus-like 
body  or  paddling  with  their  Ceratodus-Uke  pectorals.  Whether  the 
diphycercal  tail  of  pleuracanths  is  a  primitive  structure  is  doubtful. 
The  loss  of  the  primitive  heterocercal  tail  and  the  assumption  of  the 
gephyrocercal  form  in  Ceratodtis,  Protopterus,  Lepidosiren  and  certain 
swamp-living  toleosts  (symbranchoids,  gymnotids,  gymnarchids,  etc.)  is 
an  indication  not  of  primitiveness,  but,  as  DoUo  has  shown,  of  degen- 
erative specialization.     On  the  other  hand  the  tail-fin  of  pleuracantlis 
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approaches  the  hypothetical  generalized  form  which  Schmalhausen  (1913, 
p.  66),  after  thorough  studies  of  the  musculature  and  skeleton  of  the 
caudal  fin  of  fishes,  regards  as  antecedent  to  the  heterocercal  tail  of 
tA^pical  elasmobranchs. 

That  the  pleuracanths  are  truly  sharks,  although  of  a  peculiar  order, 
is  definitely  proved  by  their  skull-structure,  which  has  been  cleared  up 
by  Jlussakof  (1911).  As  for  their  pectoral  fins,  the  general  resemblance 
to  those  of  Ceraiodus  offers  an  excellent  example  of  convergent  evolu- 
tion :  the  protrusion  of  the  metapterygial  axis,  perhaps  followed  by  a 
process  of  asymmetrical  budding,  having  resulted  in  both  phyla  in  a 
more  or  less  mesorhachic  or  biserial  fin ;  so  that  we  may  regard  this  type 
as  a  "morphon"  which  has  arisen  independently  in  widely  removed  phyla. 
The  pelvic  fins  of  Pleuracanthus,  and  indeed  of  all  sharks,  are,  according 
to  the  vifw  here  adopted,  in  a  lower  stage  of  evolution,  since  their  bases 
are  less  widely  protruded  from  the  body  and  they  have  departed  less 
from  the  fin-fold  type. 

The  large  and  high  coracoscapular  cartilage  of  pleuracanths  remains 
separate  from  its  fellow  of  the  opposite  side ;  in  form  it  parallels  that  of 
T(?trapoda  and  supports  the  large  pectoral  limbs,  which  have  a  single 
proximal  basal  piece  analogous  \o  tlie  humerus.  ]f  the  pleuracanths  had 
happened  to  develop  dermal  plates  around  the  shoulder-girdle  we  should 
have  had  still  more  resemblances  to  Ceratodiis  and  the  Tetrapoda,  to  lead 
further  astray  investigators  who  neglect  the  "potency  of  convergenc*e." 

In  brief  the  elasmobranchs  sliow  a  marked  advance  over  the  ostraco- 
derms  in  all  locomotive  adaptations.  In  the  development  of  median  and 
paired  fins  the  earliest  elasmobranchs  overemphasized  the  exoskeleton; 
some  of  the  later  ones  on  the  contrary  neglected  the  exoskeleton  (Clado- 
selachii,  pleuracanths),  but  developed,  the  endoskeleton  to  a  high  stage. 
The  basal  cartilages,  which  were  formed  between  the  myomeres  of  the 
fins,  coalesce,  enlarge  and  are  widely  protruded  from  the  body  to  form 
pectoral  paddles  either  of  tribasal,  or  rarely,  of  sub-mesorhachic  type. 
The  pelvics  remain  on  a  lower  stage  <»f  evolution,  retaining  usually  a 
broad  base  and  accjuiiing  an  over-extended  metaptervgium. 

AmNOPTKKYdll 

Tin.'  earliest  Actinoptervgii  preserved  that  fortunate  balance  between 
endoskeletal  and  exoskeletal  structures  which,  as  Dr.  Smith  Woodward 
(1!M.)6)  has  shown,  was  essential  for  the  highest  develoj)ment.  First  they 
either  inherited  or  reinvented  bone-cells,  which,  being  carried  to  almost 
any  desirable  point  by  the  mesenchyme  and  vascular  system,  served  to 
reinforce  the  exoskeleton  and  to  replace  the  cartilaginous  endoskeleton. 
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Tlie  Aciiuopterygii  also  introduced  several  other  important  improve- 
iiienis  in  the  acci'Stiorv  loroniotive  siruetures.  In  the  exoskelelon  thev 
avoided  overspeirialization  of  tlie  outermost  hi  vers,  a  rul-de-fiar  intt)  which 
the  elasmohranclis  fntennl,  and  while  at  first  deveK)pin»x  in  duo  propor- 
tion tlie  i^anoine,  rosniine.  vasodentine  and  isopedine  strata,  they  avoided 
the  errors  of  the  typical  ostracodenns  and  antiarchians  and  did  not 
climber  themselves  with  a  massive  carji|)ace  and  j)lastn)n. 

In  the  median  ant!  paired  tins  they  were  fortunale  in  evohing  a  ty|>e 
of  rod-like  scales,  which  hy  fusing  end  to  end,  gave  rise  to  the  dermal 
rays;  these  soon  became  the  most  important  part  of  all  the  fin-web  and 
entirely  superseded  the  homy  fin-rays  of  an  earlier  period.     With  the 
advent  of  these  superior  fin-rays  and  with  the  concomitant  strengthening 
of  the  vertebral  column  l)v  neural  and  luenml  rods,  and  ilnallv  bv  ossified 
centra,  the  caudal  tin  in  the  Actinopterygii  hecame  of  predominant  func- 
tional impoi-tance  and  changed  from  the  heterocercal  to  the  homocercal 
type,  Receiving  the  powerful  thrusts  of  the  myomeres,  which  were  trans- 
mitted to  it  along  the  reinforced  vertebral  column.     The  haemal  rods 
below  the  caudal  colunm  served  to  link  the  tail  to  the  backbone.     At  first 
thev  were  slender  and  numerous,  but  gradually  were  reduced  in  number 
and  expanded  into  the  broad  hypural  bones,  around  which  the  stout 
dermal  rays  were  tightly  clamped. 

In  the  later  Actinopterygii  the  body  frequently  became  elongate,  tlie 
paired  dorsal  and  anal  lins  were  reduced,  the  <lermal  rays  became  reduced, 
and  the  once  powerful  caudal  degenerated  into  the  ])oinlcd  gephyrocercal 
type.  The  varied  history  of  scales  and  dermal  rays  of  the  Actinopterygii 
illustrates  the  comparative  raj)idity  with  which  these  structures  change 
or  disappear.  The  forerunners  of  the  group  may  well  have  had  scales 
like  those  of  the  most  primitive  crossoptervgians  and  dipnoans:  but  even 
in  the  PalsRoniscida?  the  ganoine  has  become  many-layered  and  the  cos- 
mine  layer  is  modified.  In  later  Actino])terygii  the  ganoine  and  cosmine 
disappear,  the  scales  sink  beneath  the  skin,  lose  their  osseous  tissue  and 
become  horny. 

The  over-development  of  the  lepidotrichs  or  dermal  rays  may  perhaps 
be  responsible  for  the  failure  of  the  Actinopterygii  to  attain  the  highest 
(levelo]mient  of  the  endoskeleton  of  the  median  and  paired  fins.  In  the 
earliest  form  (Cheirofeput)  as  restored  by  Smith  Woodward  the  ])elvic 
lin  had  a  verv  extended  base  with  short  rod-like  basals  and  radials,  the 
]»ectoral  fin  had  a  shorter  base,  which  was.  however,  wider  than  that  of 
later  types ;  the  dermal  rays  were  long,  numerous  and  scale-like.  With 
the  collapse  of  the  archi])terygial  theory  there  is  no  longer  any  reason 
why  this  wide-based  type  r>f  fin  that  occurs  so  near  the  beginning  of  the 
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record,  should  l»f  n'^^anled  a<  a  highly  iiiodilied  archipterygiimi,  especially 
as  the  paired  iins  are  identical  in  j)lan  with  the  vertical  fins.  And  yet 
some  authors  (r.  //..  Brans,  11)01)  have  assumed  thai  the  paired  fins  of 
Amuij  a  much  later  and  more  specialized  actinoptcrygian  than  Cheiro- 
lepu<,  were  of  Jedueed  aruhi})terygial  tyi»e.  The  point  is  important  in 
relation  to  the  origin  of  the  Tetrapoda,  Hov  if  the  early  Actinopterygii 
ever  passed  through  an  arehij)terygial  stage  they  might  bu  more  closely 
related  to  tlie  Tetrapoda  than  is  irenerallv  admitted.     But  none  of  the 
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Fhj.  4.      rrrtonil  pinlU'  of  Acipemtrr  atnl   Anna 

\\\  .{tiiienHer  Htiirio.  iifl«'r  (io<nlrli:h.  from  <it'KiMibiiur.  (H\  Amia  ralni.  trom  (lOOd- 
rlch.     Inner   (incillnli   vl«»\v  of  r\n\\\  sidi*. 

Dermal  elements:  rr,  clavicle  (•'infraclavicle")  ;  cl,  clelthrum  ("clavicle"!  ;  8.rl,  Kupra- 
clclrhrum  ;  p.t,  piwtteniiMH-al  ;  jut.t  I,  iMistrlellhnini. 

Cartilage  elements:  to.  coracoid  ;  in.r,  nieHocoracoid  :  ;//.  articular  surface:  Mr,  scapula; 
<l.c,  dorsal  cartllaife. 

The  sturgeons  have  the  larg«>st  coracoscapula  of  any  Actinopterj-gll :  It  is  unossifleil ; 
the  true  clavicles  are  present  and  of  large  sizo.  In  Amia.  as  in  more  typical  Actinop- 
terygii. the  coracoscapula  mass  is  of  relatively  small  size,  this  corresponding  with  the 
relatively  small  size  of  the  fln-mnscles ;  the  coracoscapula  is  more  or  less  ossified  and 
suturally  divided  Into  dorsal  and  ventral  moieties  named  scapula  and  coracoid,  respect- 
ively;  the  true  clavicles  have  disappeared,  and  the  clelthrum  is  conne(*ted  with  the  skull 
{»y  the  stout  supniclel thrum  and  forked  posttcmporal. 

early  Artinoj)tervgii  sliow  the  least  visible  trace  of  ever  having  had  widely 
j)r(>truded  basal  elements  in  the  paired  or  median  Iins;  on  the  contrary 
thev  emphasized  the  dermal  ravs  and  an  undnlatorv  movement  of  the 
margins  of  the  fin,  rather  than  of  its  fleshy  base. 

In  the  shoulder-girdle  (Fig.  4)  the  Actinopterygii  also  developed  the 
dermal  elements  rather  than  the  cartilaginous  eudoskeleton,  the  sturgeons 
and  their  allies  being  the  only  ones  with  a  large  coracoscapula  cartilage 
(Fig.  lA).    In  most  Actinopterygii  the  ct)racoscapula  cartilage  is  small 
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(Fig.  4B),  while  the  dermal  elements  of  the  shoulder-girdle  (except  the 
true  clavicles  which  disappear)  arc  fully  developed.  These  dermal  ele- 
ments are  associated  with  the  opercular  and  branciiiostegal  series  and 
serve  to  attach  the  pectoral  girdle  to  the  skull;  but  their  chief  function 
is  to  serve  as  a  base  for  the  coracoscapula,  which  bears  the  principal 
muscles  of  the  fin.  The  homology  of  all  these  elements  with  those  of 
the  Tetrapoda  is  discussed  below. 

In  brief  the  typical  Actinopterygii  while  progressively  emphasizing  the 
bony  tissue,  both  in  the  exoskeleton  and  the  endoskeleton,  enjoyed  r  ily  a 
moderate  development  of  the  basals  and  radials  of  the  paired  fins,  never 
protruded  the  basal  elements  widely  from  the  Ijody-wall  and  defended 
primitively  on  the  caudal  fin  as  the  chief  accessory  locomotive  structure, 
originally  using  the  other  fins  chiefly  as  keels,  rudders,  brakes  and  bal- 
ancers (H.  C.  Osbum,  lyOG). 

In  this  group  the  exoskoleton  is  primitively  like  that  of  the  earliest 
Crossopterygii,  but  it  soon  undergoes  de<renerative  changes  (Goodrich, 
190i),  pp.  230,  238)  sinkin^r  beneath  the  skin  and  h.)sing  the  ganoine  and 
cosmine  layers.  The  endoskeleton,  on  the  other  hand,  never  passes 
beyond  the  cartilaginous  stage. 

The  earliest  Dipnoi  resemble  their  contemporaries  the  IJhipidistia  in 
having  two  dorsal  fins,  a  heterocercal  tail,  lepidotrichia  with  ganoine  and 
cosmine,  and  paired  fins  of  mesorhachic  or  biserial  type. 

The  tail  never  attains  the  homocercal  type;  it  never  attains  much- 
expanded  hypurals,  but  passes  from  the  primitive  heterocercal  type 
through  intermediate  stages,  described  by  Dollo  (18!)5),  into  the  degen- 
erate gephyrocercal.  In  such  an  animal  the  caudal  fin  has  not  the  com- 
manding functional  importance  that  it  has  in  the  typical  Actinopterygii, 
and  there  is  a  very  evident  tendency  to  throw  the  function  of  locomotion 
more  upon  the  paired  tins  and  upon  an  eel-like  undulation  of  the  body. 
The  Dipnoi  parallel  the  recent  Amphibia  in  this  respect  and  the  more 
specialized  types  also  show  a  reduction  of  the  dermal  rays.  The  paired 
fiTifl  of  the  Devonian  Dipnoi  and  still  more  of  the  modem  Ceraiodus  are 
externally  very  unlike  the  paired  fins  of  elasmobranchs  or  Actinopterygii ; 
they  also  resemble  vaguely  the  paddles  of  plesiosaurs  rather  than  the 
cheiroptergia  of  tetrapods.  The  modern  Frotopterus,  however,  some- 
times uses  its  pectoral  and  pelvic  fins  as  if  they  were  legs,  crawling  about, 
while  floating  in  the  water,  on  the  tips  of  them  (Dean,  1003)  :  while 
Ceratodus  sometimes  rests  in  the  water  (Dean,  lOOr,),  with  the  tips  of 
the  pectorals  turned  downward  and  touchin.L^  tlir  iwttnni.     But  the  ability 
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to  do  this  ranks  very  far  below  the  ability  to  support  the  weight  of  the 
body  on  the  paired  limbs  w^ithout  the  buoyant  effect  of  the  water,  as  in 
the  Tctrapoda. 

In  Ceratodus  the  preaxial  or  upper  border  of  the  pectoral  fins  is  be- 
lieved to  be  serially  homologous  with  the  ventral  border  of  the  pelvics. 
Braus  (1901,  p.  165)  states  that  the  earliest  anlage  of  both  fins  are 
liorizontal,  that  the  nerve  entrance  of  the  pectoral  is  on  the  lower,  or 
ventral,  surface,  while  that  of  the  pelvic  is  on  the  dorsal  surface.  Ac- 
cording, to  this  view  the  preaxial  border  of  the  pectoral  has  been  rotated 
upward,  as  in  most  Artinoptervgii  while  in  the  pelvics  the  preaxial  border 
has  beeii  rotated  downward.  Schneider  (1886,  quoted  by  Howes,  1887, 
p.  12)  Lid  that  "die  Seitcnstrahlen  der  dorsalen  und  ventralen  Hiilfte 
der  I  pectoral  and  pelvic]  Flossen  sind  ungleich,'^  and  that  the  **Seiten- 
strahlen  der  dorsalen  Halfte  der  einen  Flosse  entsprechen  derjenigen  der 
ventralen  Halfte  der  anderen.^'  Goodrich  (1909,  p.  244)  says  that  "when 
at  rest  the  preaxial  margin  of  the  pectoral  fin  is  borne  upward;  the  re- 
verse is  the  case  with  the  pelvic  fin.**  But  Howes  (1887,  pi.  II)  has  de- 
scribed a  pelvic  fin  of  Ceraiodus  in  which  this  reversal  has  not  been 
effected  and  he  records  so  many  irregularities  in  the  structure  of  both 
pectoral  and  pelvic  fins  that  the  condition  of  reversed  homology  seems  to 
be  incompletely  attained. 

>rany  investigators  {rf,  Keith,  1912,  p.  418)  have  sought  to  show  that 
in  man  there  is  a  somewhat  similar  condition  of  reversed  homology  in 
the  borders  of  the  pectoral  and  pelvic  extremities ;  but  according  to  H.  H. 
Wilder  (1909,  p.  245),  the  evidence  of  embryological  history  as  well  as 
of  comparative  anatomy  lends  strong  support  to  the  opposite  view  that 
in  the  Tetrapoda  the  preaxial  or  anterior  border  of  the  pectoral  extremity 
is  homologous  with  the  preaxial  border  of  the  pelvic  extremity,  a  con- 
clusion which  is  further  strengthened  by  the  general  correspondence  in 
the  arrangements  of  the  elements  of  the  manus  and  pes  in  the  most  primi- 
tive Tetrapoda  of  the  Permocarboniferous,  such  as  Eryops,  Stereostemum 
and  the  cotylosaurs. 

If  the  latter  view  be  correct  the  reversed  homology  of  the  borders  of 
the  pectoral  and  pelvic  fins  in  Ceratodus  is  a  point  of  marked  difference 
from  the  Tetrapoda,  which  may  have  been  acquired  only  by  the  later 
Dipnoi. 

As  the  paired  fins  of  even  the  oldest  Dipnoi  are  already  biserial  in 
form,  there  is  no  direct  palaeontologioal  evidence  as  to  their  origin.  In 
the  allied  group  of  Rhipidistia,  however,  we  get  several  hints  as  to  the 
origin  of  the  "archipterAgial"  type.  Osteolepis,  which  I  regard  as  the 
most  primitive  inoinlver  of  the  group,  on  account  of  its  skull  structure. 
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rhombic  scales  and  beteroccrcal  tail,  lias  a  short  wide  fleshy  lobe  in  the 
pectorals  while  the  pel  vies  according  to  Traquair's  restoration  (Good- 
rich, 1909,  p.  283)  have  still  shorter  and  relatively  wider  lobes.  Thus 
the  pel  vies  in  turn  are  only  a  little  more  advanced  than  the  anal  and 
posterior  dorsal.  In  Glyptopomus  the  pelvic  base  is  narrower  and  the 
axis  more  protruded,  but  the  resemblance  to  the  widely  based  dorsal  and 
anal  fins  is  still  obvious.  But  the  pectoral  of  this  genus  has  become 
almost  fully  archipterygial.  Coming  to  the  Dipnoi,  in  Diptents  the 
process  is  carried  further  and  the  resemblance  l)etween  the  pelvic  and  the 
anal  is  progressively  effaced.  In  the  latter  Dipnoi  the  '"archi|)tervgium*' 
is  perfected  by  the  protrusion  of  the  mesopterygial  axis  to  the  extreme 
tip  of  the  iins;  the  pelvic  I'm  also  is  liually  as  fully  developed  as  the 
pectoral. 

Turning  to  the  evidence  of  comparative  anatomy  we  find  that  in 
Ceratodus  the  plexuses  of  nerves  that  supply  the  ])ectoral  and  pelvic  fins 
are  brought  together  by  the  coalescence  of  many  segmental  nerves  (Braus, 
3  901)  and  by  analogy  with  the  conditions  in  sharks  (cf.  Goodrich,  1909, 
pp.  7'2,  78),  where  i)oth  the  paired  and  median  fins  are  formed  in  the 
same  manner,  through  ihe  concrescence  of  myotomic  elements,  it  appears 
highly  probable  that  in  Ceratodus  also  the  narrow-based  fins  arose  through 
the  concentration  of  metameric  elements,  the  base  becoming  constricted, 
as  the  power  of  rotating  the  fin  increased.  From  the  cone-in-cone  ar- 
rangement of  the  /nyomeres  of  the  Ceratodus  paired  fins  it  seems  also 
probable  that  the  outgrowth  of  the  mesopterygial  axis  to  the  very  tip  of 
the  fin  was  due  to  a  sort  of  apical  budding,  or  repetition  of  similar  seg- 
ments, on  the  part  of  the  mesopterygium  and  its  radials.  That  the  cen- 
tral axis  of  the  Ceratodiis  fins  does  represent  an  outgrowth  of  the  mesop- 
terygium was  held  by  Huxley  in  opposition  to  Gegenbaur,  and  was 
supported,  wath  strong  evidence,  by  Howes  (1887). 

From  these  and  similar  considerations  I  reject  the  traditional  view 
that  the  '^rchipterygia''  of  Dipnoi  are  primitive  structures  and  I  regard 
the  imperfect  archipterygia  of  the  Devonian  Ostcolepis  as  more  primitive 
than  the  perfected  archypterygia  of  the  modern  Ceratodus.  Nor  can  I 
accept  the  views  of  Watson,  Smith  Woodward  and  others  that  the  paired 
limbs  of  the  Rhipidistia  are  "reduced  archipterygia'';  they  seem  rather 
to  be  incompletely  evolved  or  primitive  "archipterygia,"  with  less  ex- 
tended mesopterygia  and  an  asymmetrical  arrangement  of  the  radials 
(parameres),  those  on  the  postaxial  border  being  fully  developed,  the 
preaxial  parameres  being  small  or  wanting. 

The  pectoral  and  pelvic  fins  of  existing  dipnoans  have  this  important 
character  in  common  with  the  pain'd  limbs  of  Tetrapoda,  namely,  that 


GREGORY,  PRESENT  STATUS  OF  ORIGIS  OF  TETRAPODA         351 

the  cndoskeletal  base  consists  of  a  single  proximal  element,  analogous 
resj)e(rtively  with  the  humerus  and  femur.  Other  proposed  homologies 
of  the  more  distal  elements  with  the  forearm,  carpus  and  digits  lia,ve  been 
assumed,  hut  lack  adequate  evidential  support. 

The  shoulder-girdle  of  the  Devonian  Dipnoi  evidently  included  dermal 
elements  (^*infraclavicles/'  '^clavicles,"  etc.)  and  underlying  cartilaginous 
elements,  which,  as  Smith  Woodward  says  (1898,  p.  60),  *^seem  to  have 
been  always  too  slightly  calcified  for  preservation.''  But  from  the  re- 
semblance of  the  pectoral  limb  of  IHpieriLS  to  that  of  Ceratodus,  it  is 
highly  probable  that  the  cndoskeletal  elements  in  the  Devonian  forms 
were  fundamentallv  similar  to  that  of  Ceratodus. 

The  accompanying  figures  (Fig.  5),  drawn  fn)m  a  specimen  of  Cera- 
todus forsteri  by  Professor  L.  A.  Adams,  show  that  in  the  modern  genus 
the  chief  cartilaginous  elemeut,  which  is  sup])oscd  to  be  homologous  with 
the  coracoscapula  of  the  Tetrapoda,  is  of  large  size,  and  includes  a  short 
ascending  ramus  corresponding  to  the  scapula,  a  tripartite,  ])rotuberant 
articular  pedicle,  and  a  long  forward-and-inwardly  ])rojecting  coracoid. 
This  undivided  element  is  firmlv  adherent  to  the  antero-internal  surface 

■ 

of  the  conjoined  dermal  elements  first  named  by  Gegenl)aur  clavicle 
("infraclavicle''  of  early  writers)  and  cleithj-um  (*^clavicle").  A  small 
median  ventral  cartilage  (rn.  v.  c.)  unites  the  opposite  clavicles,  while  a 
broad  dermal  supracleithrum  connects  the  pectoral  girdle  with  the  post- 
temporal. 

This  shoidder-girdle  is  apparently  more  primitive  than  that  of  the  ■' 
|)rimitive  Tetrapoda  in  the  slight  dorsal  extension  of  the  scapula,  in  the 
unexpanded  form  of  the  coracoid,  and  especially  in  the  protuberant  form 
of  the  articular  region ;  also,  there  are  no  centers  of  ossification  tending 
to  divide  the  coracoscapula  mass  into  distinct  elements.  The  dermal  / 
elements,  especially  the  oleithrum  and  supracleithrum,  are  of  large  size, 
'.vhereas  in  Tetrapoda  they  are  much  reduced.  This  shoulder-girdle  is 
on  the  whole  nearer  to  the  tetrapod  type  than  that  of  any  other  existing 
fish. 

The  pelvic  girdle  of  Ceratodiis  also  differs  from  that  of  typical  fishes 
and  approaches  that  of  the  primitive  Tetrapoda  in  having  a  stout  carti- 
laginous base,  perhaps  homologous  with  the  ischio-pubis.  The  "pre- 
pubic"  and  "epipubic"  processes  are  of  doubtful  homology.  Xo  dorsal 
process  analogous  with  the  ilia  and  extending  up  from  the  acetabulum 
toward  the  backbone  is  present. 

In  brief  the  more  specialized  Dipnoi  have  paralleled  the  urodele  Am- 
phibia in  the  reduction  of  the  dermal  rays,  in  the  degeneration  of  the 
scales,  in  the  non-dovelopmcnt  of  a  powerful  homocercal  tail,  and  in  the 
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Fits.  5. — Pectoral  girdle  and  fin  of  Ceratodus  forateri 

1,  Left  half  of  girdle,  with  fin  :  outer  side  seen  somewhat  from  below,  showing  car- 
tilaginous (stippled)  and  dermal  elements ;  2,  inner  side ;  3,  posterointernal  view,  show- 
ing left  coracoscapula  and  articular  surface  for  pectoral  fin  :  6.  posterointernal  view 
after  removal  of  coracoscapula ;  7,  front  outer  view :  4,  rear  view  of  left  coracoBcapola 
cartilage;  5,  outer  side  of  same,  with  articular  surface  for  cleithrum  (cf,  no.  1). 

Dermal  elements:  cv,  clavicle;  (2,  cleithrum;  8.<l,  supraclei thrum. 

Cartilaginous  elements:  co.sc,  coracoscapula;  m.v.c,  median  ventral  cartilage;  gl,  ar- 
ticular surface  for  ^'humerus"  ;  H,  ''humerus"   (proximal  basal). 

pr.ax,  preaxlal  or  dorsal  border ;  po.ax,  postaxial  or  ventral  border. 

Unlike  that  of  the  Tetrapoda,  the  stout  coracoscapula  cartilage  has  a  very  short 
ascending  ramus;  the  glenoid  region  is  widely  protruded  and  the  muscles  are  better 
developed  on  the  visceral  or  Internal  surface. 
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assumption  ol'  an  eel-like  habitus.  On  the  other  hand  the  pectoral  and 
pelvic  girdles  of  the  more  primitive  Dipnoi  appear  to  preserve  certain 
characters  whicii  may  be  truly  homologous  with  those  of  tlie  ancestral 
Tetrapoda.  The  *'archipter}gia"  of  Dipnoi  are  primitive  only  in  name, 
although  evolved  in  their  essential  features  at  an  early  epoch.  That  such 
'•'archiptorvgia"  are  ancestral  to  the  chciropterygia  of  letrapods  is  un- 
proved and  rather  unlikely.  The  single  proximal  basal  pieces  of  the 
paired  fins  may  possibly,  however,  be  homologous  with  the  humerus  and 
radius  respectively;  although  it  is  quite  conceivable  that  here  too  the 
resemblances  may  be  only  homopbistic  and  due  to  similar  concrescence 
of  s<;vcral  originally  separate  basal  pieces. 

CKOSSOPTERYGII 

I'ho  existing  Poliiplenis  has  no  doubt  departed  widely  from  the  primi-  / 
live  Devonian  Crossopterygii,  botii  in  the  exoskeleton  and  in  the  endo- 
skeleton  and  has  paralleled  the  Aotinof)terygii  in  many  respects.  Among 
its  progressive  characters  may  l)e  noted  :  tlie  replacement  of  the  notochord 
by  ossified  centra,  the  development  of  osseous  neural  and  haemal  arches 
and  hypural  bones  (the  latter,  however,  being  arrested  in  development), 
the  reduction  and  ossification  of  the  coracoscapula  and  its  division  into 
two  elements  (Fig.  6),  the  reduction  of  the  radials  and  basals,  the  fusion 
of  the  basals  of  the  pelvic  fins  to  form  a  pelvis,  which  is  ossified.  And  ^ 
Pohjpterus  has  also  become  highly  ichthyized  in  the  brain  and  many  other 
characters  of  the  soft  anatomy.  Among  its  peculiar  or  aberrant  special- 
izations are  to  be  reckoned  the  gephyrocercal  tail,  the  subdivided  dorsal 
and  the  multiplication  of  the  radials  in  the  pectoral  fin. 

The  proximal  elements  of  the  pectoral  fin  are  often  compared  with  the 
pro-,  meso-  and  metapterv^gia  of  sharks ;  the  so-called  "pro-*^  and  "meta- 
pterygium'-  forming  a  V-shaped  articulation  with  the  scapulo-coracoid ; 
the  ovoid  "mesopterygium"  lying  in  the  middle  of  the  fleshy  lobe  of  the 
fin:  but  this  arrangement  may  rather  represent  a  modification  of  the 
Eusthenopieron  and  Sauripterus  type  of  fin  described  below.  Possibly 
the  "metapterygium"  and  "propterygium'*  may  be  homologous  with  the 
radius  and  ulna  of  Sauriptenis:  the  fused  "mesoptervgium"  may  repre- 
sent tiie  fused  mass  of  radials,  or  parameres,  which  in  Sauriptei-ns  con- 
verge toward  the  central  axis.  The  single  proximal  piece  (true  meeo- 
pterygium  of  Sauripterus)  in  Polypterus  has  either  been  lost  or  has  per- 
haps fused  with  the  coracoscapula.  Indeed  the  whole  coracoscapula  in 
the  larval  Polypterm  (cf.  Goodrich,  VMY.K  p.  296)  bears  a  puzzling  re- 
.x'mblance  to  the  humerus  of  Saun'pteni-^. 

At  any  rate  the  pectoral  of  PolypteriLs  is  further  removed  from  tlie 
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primitive  cheiropt^rytriuni  tluni  is  the  pectoral  of  SnuripirruJi.  Klaatsch 
(1896)  would  derive  the  eheiroptery^ium  of  Amphibia  from  the  erossop- 
)  •  terygium  of  Poii/pierNS,  hut  the  lack  of  a  single  basal  piece  or  humerus, 
as  well  as  the  secondary  juultiplication  of  the  distal  radials,  are  aberrant 
specializations.  However  the  ])ectoral  of  Poh/pferus  does  suggest  the 
tetrapod  type  in  this  respect:  that,  as  Klaatsch  and  Budgett  have  shown, 
it  can  be  turned  downward  almost  like  a  hand,  so  that  the  larval  fish 
sometimes  rests  on  the  palmar  surface  of  the  dermal  rays:  the  ])ectoral 


ViG.  0.   -l*C(  total  (/inlle  of  Polypterus  hirhir 

A,  lAitt  side,  outer  view.      B,  Posteroventral  view. 

Dermal  elements:  rr,  clavicle  :  rl,  cleittirum  ;  h.cI,  supraclei thrum  ;  po.cl,  postcleithruiu  ; 
p.t,  iKJst temporal. 

Cartilaginous  elements:  <  r;,  coracoid  :  m-,  scapula. 

This  modern  tish  retains  the  true  clavicles  of  the  Devonian  crossopterygiaus  and 
tetrapods.  Its  scapuiocoracoid,  liowever.  parallels  that  of  more  typical  fishes  and  affords 
a  short,  wide  base  for  muscles  ttiat  raise  and  lower  the  fin.  The  forlcefl  posttemporal 
and  wide  supracleithrum  serve  to  connect  the  girdle  with  the  skull ;  while  the  marked 
concavity  of  the  whole  anterior  margin  of  tlie  girdle  denotes  the  presence  of  a  large 
operculum  and  large  branchial  arches. 

is  also  well  provided  with  muscles  for  elevating,  depressing,  protracting, 
retracting,  abducting,  adducting  and  twisting  the  fin  (Klaatsch,  Brans). 
Before  considering  the  relationship  of  the  Khipidistia  to  the  Tetrapoda 
it  is  necessary  to  decide  which  is  the  most  primitive  family,  and  what 
has  been  the  trend  of  evolution  within  the  group.  Smith  Woodward 
(1898,  pp.  71-80),  perhaps  influenced  partly  by  the  view  that  the 
"archipterygiaP  type  of  tin  is  })rimitive,  seems  to  have  regarded  the 
Holoptyehiidaj  as  having  the  most  primitive  paired  fins,  and  the  llhizo- 
dontidae  as  more  progressive  in  the  "abbreviation'^  of  the  paired  fins. 
^'Through  Rhizochpsis  and  Gyroptychius"  he  said  (p.  77),  **the  Rhizo- 


/ 
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(loDtidae  pass  almost  imperceptibly  into  the  Ostoolepidie,  which  have 
rhombic  scales  aiul  usual Iv  exhibit  the  fusion  of  the  bones  in  the  frontal 

tt' 

portion  of  the  skull  and  in  the  mandible/^  Goodrich  (1909,  p.  285),  on 
the  uther  liand,  plates  the  Moloptychiida;  and  the  allied  Glyptopomidae 
first,  the  Osteolepidae  next,  the  Khizodontidae  third  and  the  Onycho- 
dontidae  last.  He  says  (p.  285):  *'It  is  evident  frojn  the  structure  of 
the  paired  tins  that  the  Khizodonts  differ  considerably  from  the  previous 
three  families  [Holoptychiidae,  Glyptopomidie,  OsteolepidaL'],  and  they 
should  perhaps  not  be  included  in  the  same  order." 

The  Osteolepidje  present  the  following  assemblage  of  characters  which 
in  view  of  all  that  has  been  said  above  T  must  regard  as  primitive. 

1).  Their  paired  fins  arc  obtusely  lobate,  i.  c,  ineompletelj'  "archlpteryglal'' 
and  less  dififerent  from  the  median  fins,  in  contrast  to  tlie  extremely 
jicuto  "arehlpterygiar'  fins  of  Holoptychiida*. 

2  k  The  scales  are  rhombic,  like  those  of  the  earliest  Actinopterygii.  and  they 

retain  the  fully  developed  ganoine  and  ^osmine  layers,  which  are  pro- 
;:ressively  lost  in  the  Rhizodontida^  and  highly  modified  in  the  Holopty- 
<hiidw  irf.  Goodrich.  IIKKI,  pp.  217.  285).  y/^ 

3  i .  In  the  Osteolepidio  the  dermal  rays  of  the  me<lian  and  paired  fins  are  less 

produced  than  in  the  Uhizwlontidrp. 
4).  The  caudal  lln  in  OsteolcpM  is  of  a  primitive  heterocercal  type,  whereas  in 

RhizodontidjT>  it  externally  approaches  the  homocercal  type    (through 

GyroptifchiuM). 
5 1.  Osteolcpis  had  a  iK»rsistent  unconstricted  notochord  without  ossifl**(l  contra, 

but  the  larger  and  more  progressive  membt»rs  of  both  families   {Mcya- 

lichthys,  Eusthrnoptvron)  had  ring  (^eutra. 
6>.  As  to  the  rostrum  of  Osteolcpis  representing  a  '^fusion*'  of  elements  I  have 

given  reasons  above    (p.  327)   for  the  contrary  view  that  thf»  nasals, 

dermethmoids  and  other  elements  had  not  yet  been  divided  by  sutures.  • 

In  brief  Ostrolepiif  appears  t^)  (»ffer  an  ideal  stem  form  for  several 
phyla.  On(»  line  with  progressively  cycloidal  scales  and  intermediate 
characters  of  the  skull-top  seems  to  have  led  through  Gyroptychius  (fig- 
ured by  Pander,  ISfiO,  Tab.  6,  7)  to  TristicJvopterus  (Traquair,  18T5,  pi. 
XXXII)  and  Husfhenopferon  (Hussakof,  1912,  Fig.  2).     Another  line,  / 

preserving  the  rhombic  sc*ales,  perhaps  passed  through  Diplopierus  (Pan- 
der, 1860,  Tab.  4)  and  culminated  in  Mef/alichtkys  (Welllmrn,  1900,  pi. 
XIII;  cf,  our  Fig.  T).  The  skull  of  Rhizodopsis,  as  figured  by  Traquair 
(1881,  Figs.  1.  2)  seems  to  be  allied  in  pattern  to  that  of  Megalirhfhys, 
as  figured  by  Wellbnrn  (1900,  pi.  XV)  and  yet  the  former  is  referred 
to  the  Phizodontida',  the  latter  to  the  Osteolepidjr :  and  there  are  other 
indications  that  these  two  families  are  verv  closelv  allied. 

In  the  Holoptychiidap  the  scales  have  become  large,  fully  cycloid  and 
deeply  overlapping  and  have  the  cosmine  layer  sculptured,  but  the  Glypto- 
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poniidat  offer  a  tiansitional  stage  leading  back  to  the  simple  rlioiubic  type, 
since  in  them  the  scales,  although  sculptured,  are  more  or  leas  rhomboidal 
and  OYerlap  but  slightly.  The  Holoptychiidse  iQoreover  have  exceBaively 
specialized  dentrodont  teeth. 

The  Osteolepidie  and  Hhizodontida;  are  pike-like  fishes  (Fig.  7),  with 
elongate  bodies  and  powerful  caudal,  dorsal  and  anal  fins,  which  they  may 
have  used  both  in  sudden  rushes  at  their  prey  and  in  holding  themselves 
still. 


F,o,    7,— »c«(orn(loi.   aj  31  epa  tit  hi  hut.     Afttr 

t:.    D-    Heliharn 

■■■«- 

SkuU-iMX;   E.  ptbmotrl;    Vn,  na-Bl ;  .V.  nostril ;   .!(•■.   ■■anterior  [rontil"   [ectelhmoW. 

•eptonmUUrj)  ;   Fr.  IronlHl  ;   PF.  podtfrontal ;    I'a.   [arti- 

tal  :   STMT.  ■ -supra irmporal «- 

OrblUl  uHm:  AO,  ■■anlerlor  orbital"    llBcrymal]  ;  SO./n 

fi,  ■■siiborWtala"  []ugall ;  PO. 

poBtorMlnl. 

Tampoial  aerlta;   X.  -chcfk   plnte'^    [BDtcrlor   portion  of 

tni.-  xriuamoaal]  ;  X',  "cheek 

(poaterlcr  irortlon  at  true  B-iuaiiiOMlJ. 

OpBrculii  mUm:  0(-,  uim-tlhIuiu  ;  K'..  -.uhopprciiluni. 

Oular  asilaa:    Lj.L],   lalernl   jiigulnr    llanral    Kularn]  :    i 

ilip  antrro-lateral   K'Hara   mar 

pethapa  kI>-  ii*e  to  'he  iin«ul_Hr«  of  TPirapodn  :  ./,  giilBr ; 

.4f.  "anierlor  Jugular"  niedlaa 

gular. 

Qnathal  MClei:   /'ni.  prpn.Hilllary  :   V«.  mamillary;  /).  c 

[aplenlal,  prpaiienlurl  ;  AO,  atievilar   |  V  BupraaDBiilarJ. 

flhouUti  glrdla^    l.ri.  "iDfratlavlciilnr-    [claTicle]  ;   CI. 

"claTlcle"   (clelthnuDl  :  BCL. 

Fin*:    n.B.  DbmiI   scaloa :  RB,  ridge   Kcalua ;   F8,  (ulcral 

acalea;   P,Pt  S,   propter^glsl 

acalea;  M.Pi  S.  mptap'^ryglal  acalea;  A8,  aoal  acales. 

Adaptation  1o  prwlalorr  bablla  la  Indicated  bj  the  wldf 

gape  and  acrong  ■barp  teetb, 

and  by  the  plke-Uku  body,  with  powerful  median  and  pelv 

Ir  flua,  which  are  placed  near 

tha  posterior  port.      The  broad,   atout  pectoral   Una   «-..nid 

w  iiaetul  chiefly  la  iuddenir 

etwcklng  a  forwarrl  ruah  and  lumlng  the  bead. 

The  Holoptychiida;  on  the  contrary-  were  relatively  deep-bodied,  carp- 
like  fonns,  with  weaker,  longer  and  more  flexible  fine.  The  related 
Glyptopomidse  were  more  primitive  in  bavinj;  rhombic  scales  and  were 
pike-like  in  form,  with  powerful  caudal,  dorsals,  anala  and  pelvics. 

What  were  the  habits  and  form  of  the  common  ancestors  of  all  these 
families?  Probably  they  were  comparatively  short-bodied  forms,  with 
small  granular  rhombic  cosmoid  scales,  two  ilorsul  tins,  a  heterocercal 
caudal,  short  lobate  pectorals  and  barely  lobate  iielvii^^;  the  lepidotrichs 


y" 
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of  all  fins  were  short  and  sirale-like;  the  teeth  were  conical,  but  of  small 
size.  In  general  appearance,  except  for  the  shorter  body,  these  primitive 
Ehipidistia  may  have  been  similar  to  Osteolepis, 

Tarrasius  problematiciLS  Traqiiair  (1881,  1890)  from  the  Lower  Car- 
boniferous of  Scotland  is  usually  referred  to  the  Crossopterygii  and  placed 
before  the  Rhipidistia  in  a  separate  order  or  suborder  Haplistia.  It  is 
a  very  small  iish  (about  3  inches  long)  with  a  continuous  dorso-caudo- 
anal  fin  and  obtusely  lobate  pectorals ;  at  least  the  posterior  part  of  the 
body  is  covered  with  small  granular  rhombic  scales;  the  anterior  region 
of  the  trunk  may  have  been  naked ;  the  notochord  is  persistent ;  there  are 
neural  and  haemal  arches;  the  median  fins  are  supported  by  rods,  which 
are  more  numerous  £han  the  vertebral  arches.  Tarrasius  was  provision- 
ally referred  by  Zitt^l  to  the  Dipnoi,  but  Traquair  (1890,  p.  494)  said 
that  "the  obtusely  lobate  character  of  the  pectoral  fin  seems  to  point 
toward  the  Crossopterygii."  Goodrich  (1909,  p.  284)  states  that  the 
"dermal  bones  of  the  skull  and  operculum  appear  on  the  whole  to  re- 
semble those  of  Osteolepids." 

The  interest  of  this  fish  in  the  present  connection  lies  in  its  continuous 
median  fin.  By  the  upholders  of  the  "fin-fold"  theory  it  is  assumed  that 
ancestral  fislies  once  had  both  the  paired  and  the  median  fins  continuous. 
But  in  the  Actinopterygii  continuous  median  fins  are  invariably  a  sign 
of  aberrant  specialization ;  and  the  frequently  copied  reconstruction  of  a 
lonp-bodied  "primitive"  fish  with  a  continuous  fin-fold  bears  a  suspicious 
resemblance  to  such  highly  specialized  types  as  Fierasfer,  Murcena  or 
Oijmnotvs.  Tarrassius  may  or  may  not  be  a  crossopterygian ;  but  I  find 
no  evidence  for  believing  that  its  continuous  dorsal  became  subdivided 
into  the  two  dorsals  of  Rhipidistia. 

The  point  is  that  while  paired  fins  and  median  fins  probably  arose  in 
the  same  way,  they  may  well  have  been  purely  local  outgrowths  like  the 
dorsal  fin  of  ostracoderms.  It  is  not  necessary  to  conclude  that  the  two 
dorsal  fins  of  Rhipidistia  and  the  single  dorsal  fin  of  primitive  Actino- 
pterygii arose  by  subdivision  or  abbreviation  of  an  originally  continuous 
dorso-anal  fin.  The  Actinopterygii,  Rhipidistia  and  Dipnoi  may  well 
represent  parallel  offshoots  from  primitive  short-bodied  gnathostomes 
that  had  no  continuous  dorso-anal  fin  at  all,  but  only  low  outgrowths  of 
the  skin  or  of  the  body-wall,  placed  at  iiodal  points  of  mechanical  ad- 
vantage in  securing  a  "purchase"  against  the  water. 

Tarrasius  probJemaficus  is  also  of  special  interest  l)ecau8e,  if  it  is  a 
primitive  crossopterjgian,  it  may  also  be  related  to  the  stem  of  the 
Tetrapoda,  retaining  perhaps  the  lobate  fins  that  gave  rise  to  the  cheirop- 
tergyia,  retaining  in  part  a  primitive  granular  scalation,  and  developing 
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a  dipliycereal  tail  without  powerful  rays,  such  as  iniglit  be  found  in  an 
ancestor  of  the  branchiosaurs. 

Tlie  endoskeleton  of  the  pectoral  limb  of  the  Khipidistia  offers  the 
only  remote  approach  to  the  tetrapod  type  hitherto  known  among  recent 
or  fossil  types.     As  far  back  as  1843  James  Hall  described  the  pectoral 
limb  of  a  large  lish  from  the  Catskill  formation  (Upper  Devonian)  of 
Blossburgh,  Pennsylvania,  and  named  it  Sauripierus  in  allusion  to  the 
"sauroid'^  form  of  the  limb.     In  1908  my  colleague  Dr.  Hussakof  pub- 
lished a  small  piiotograph  of  this  specimen  in  his  Catalogue  of  Types 
and  Figured  Specimens  of  Fossil  Vertebrates  in  the  American  Museum 
of  Natural  History,  Part  I,  Fishes  (p.  59).     As  I  had  long  Ijeen  par- 
ticularly interested  in  the  ])n)blem  of  the  origin  of  the  Tetrapoda  1  was 
impressed  by  the  almost  stegocephalian  "look"  of  the  pectoral  limb  of 
Sauripierus,  and  in  February,  1911,  I  read  a  paper  before  the  New  York 
Academy  of  Sciences  entitled  "The  Jjimbs  of  Eryops  and  the  Origin  of 
Paired  Limbs  from  Fins"  (1911)  in  which  I  proposed  to  homologize  the 
ascending  blade  of  the  shoulder-girdle  of  SauHpterus  with  the  scapu- 
locoracoid  of  Eri/ops,  the  single  basal  element  of  the  fin  with  the  humerus, 
the  two  following  elements  with  the  radius  and  ulna  and  the  remaining 
osseous  pieces  with  the  carpus  and  digits.     In  Septeml>er,   1912,  my 
friend  Dr.  Bei*tram  G.  Smith  (1912,  pp.  540-547)  prefaced  his  excellent 
discussion  of  the  phylogeny  of  the  urodeles  with  a  sumniary  of  my 
Columbia  University  lectures  on  the  origin  of  the  Amphibia,  in  which  a 
SauripteruS'lik^i  type  of  pectoral  was  assumed  as  the  starting  point  for 
the  cheiropterygium;  a  sketch  of  the  Sauripierus  pectoral,  by  Dr.  Hus- 
sakof, served  to  illustrate  the  subject.     In  the  same  year,  Professor  Patten, 
in  his  book  **The  Kvolution  of  the  Vertebrates  and  their  Kin'  (p.  390), 
reproduced  a  photograph  of  an  excellently  preserved  pectoral  limb  of 
Eusihefwpteron   (Fig.  8)   and  said:  **Within  the  pectoral  fins,  for  the 
first  time  in  the  [)hylogeny  of  the  vertebrates,  appears  an  axial  skeleton 
that  approaches,  in  the  arrangement  of  its  elements,  the  characteristic 
structure  of  the  appendages  of  the  land  vertebrates,  t.  e.,  Kusthenopteron," 
In  his  diagram  he  homologized  the  various  elements  of  the  fin  with  the 
humerus,  radius,  ulna,  carpus,  metacarpus  and  digits,  in  much  the  same 
way  as  I  had  done  in  the  case  of  Sauripierus,    Early  in  1913,  Mr.  D.  M. 
S.  Waiscm  published  in  the  Anatomischer  Anzeiijer  a  note  *'0n  the  Prim- 
itive Tetrapod  Limb''  in  which  he  also  took  the  Eusthenopteron  pectoral 
as  a  starting  point  for  the  cheiropterj'gium  and  regarded  it  as  a  "reduced 
an.!hipterygium.''     In  September,  1913,  Dr.  Broom  in  his  paper  "On  the 
Origin  of  the  Cheiropterygium"  gave  sketches  of  the  fK'ctoral  paddles 
of  Eusthenopieron  and  Sauripierus  and  of  the  shoulder-girdle  of  the 
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latt€r;   he  cjillod  attention  to   the  resemblances  in   the  teeth   between' 
Saiinptcrus   and    Rhizof/opsls  and   ])iit    forth    the   hypothesis    that   the 
cheiropterv-giiun   had   been   evolved   from   the  preaxial   ])iirt   nf  a  pre- 
Sauripterus  fin.     Later  in  the  same  year  (1913)  Dr.  Broom  published 
in  the  Anatonnsfhrr  Ameifjcr  a  partial  restoration  of  the  shoulder-girdle 


/^ 


\ 
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Fn;.  ^.   -Ififfhi  inx-toial  limb  of  KuttthrnuitUron  foordi.     After  Pat  fen 

A  CarboDlforouH  rhizodont  rhipldlHtlau. 

The  broad  ascending  blado  1h  the  clelthruni ;  the  single  proximal  piece  wa>)  oompari>d 
by  Professor  Patten  with  the  tetrapod  humeniM,  the  next  two  elements  with  the  radius 
and  ulna,  and  the  more  distal  elements  with  the  carpus  and  digits,  respectively. 

The  single  proximal  piece  ( humerus j  probably  represents  the  roesopterygium  of  sharks; 
together  with  the  central  line  of  pieces  It  appears  to  l)e  homologous  with  the  mesaxlal 
series  in  Ccratodua;  the  divergent  rods  above  and  below  this  axis  represent  the  pre-  and 
post-axial  radiaU,  respectively.     The  lower  main  branch  is  the  metapterygium. 

t»nd  bones  of  the  pei-toral  paddle  of  Sauripferus  together  with  a  sketch 
of  the  back  part  of  the  jaw. 

Witli  the  view  of  testing  uiy  first  idea  tliat  the  ascending  blade  of  the 
^auripiervs  shoulder-girdle  is  the  homologuc  of  the  scapula  of  tetrapcKis 
notwithstanding  its  dermal  origin.  I  have  studied  the  pectoral  limb  in 
various  fossil  and  recent  fishes  and  amphibians.  Through  the  kindness 
of  Mr.  Grimshaw  of  the  lioyal  Scottish  Museum  of  Edinburgh  T  was 
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permitted  to  examine  the  specimens  of  Metjalichlhys  hibhertii  and  other 
■  Rhipidistia  in  that  Museum,  while  in  the  American  Museum  1  have  had 

excellent  specimens  of  Osteolepis,  Megaiichlhys  niiidm.  Satiripttnis  and 
much  other  recent  and  foBsil  material. 

In  view  of  the  importance  of  tlie  types  specimen  of  Sauripterus  taylori 
Hall  and  of  the  fact  that  it  has  never  before  been  adequately  figured,  I 
have  carefully  studied  this  specimen,  with  the  collaboration  of  my  friend 
Professor  L.  A.  Adams,  whose  lirawing  is  here  reproduced  (Plate  I).  In 
this  drawing  we  have  endeavored  to  show  only  the  structural  details  that 
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DevonlHD  rUliodOQt  rblDldlBllao.     Tti« 
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e  toward  the  meBopteryglal  ails. 

we  have  actually  seen,  without  attempting  to  restore  any  missing  parts. 
Areas  where  the  bone  has  been  flaked  off,  leaving  a  clear  impression  in 
the  matrix,  are  stippled;  cracks  and  other  adventitious  features  are 
omitted.  Unfortunately  most  of  the  scapulocoracoid,  the  clavicle  ("in- 
fraclavicle")  and  the  greater  part  of  the  fln-rays  are  missing,  and  hence 
we  do  not  know  their  precise  shape,  but  have  nevertheless  attempted  a 
provisional  restoration  (Fig.  9)  restorinf;  the  missing  parts  chiefly  from 
the  allied  genera  2'ristii:hop.erus  and  Megalichthi/n.  The  fleshy,  scaly 
lobe  of  the  fin  is  indicated  by  the  heavy,  curved  line.  It  is  not  known 
whether  the  ascending  bar  of  the  clavicle  was  present  as  in  Rhizodus  or 
absent  as  in  Strepsodvs  (A.  S.  Woodward,  ISOl).     We  eXfn  give  for  com- 
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parieon  wilii  ^auriptertui  a  ligurt;  of  au  American  MuBeum  specimen  re- 
ferred 10  Osteolepis  microlepidotus,  showing  the  head,  shoulder-girdle 
and  pectoral  fin  {Fig.  10). 

Further  consideration  compelled  me  (1012,  p.  220)  to  give  up  the 
idea  that  the  ascending  blade  of  the  ahoulder-glrdle  in  Rhipidistia  repre- 
sents the  scapuloeoracoid  of  Tetrapoda,  partly  because  the  type  of  Saurip- 
tenui  taylori  retains  a  portion  of  an  element  that  lies  between  the  ascend- 
ing blade  and  the  "humerus"  or  single  proximal  piece.  The  rest  of  this 
element  probably  covered  a  part  of  the  medial  surface  of  the  dermal 
ascending  blade  and  may  have  been  present  in  the  counterpart  of  the 
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typ^'  which  was  nut  obtained.  In  Ceratodus  (Fig.  5)  a  corresponding 
piece  is  apparently  liomologous  wiih  the  scapuloeoracoid  element  of  tetra- 
pods,  which  is  of  course  a  cartilage  bone,  I  therefore  return  to  Qegen- 
baur'a  view  (1895),  which  is  also  that  of  Dr.  Broom,  that  the  ascending 
blade  in  Sauriptems  represents  the  cleithrum  of  primitive  Stegocephali, 
although  in  them  it  is  much  reduced  and  the  scapulocoraqoid  correepond- 
ingly  enlarged.  Accordingly  the  homologies  of  the  elements  of  the 
pectoral  limb  in  Ithipidistia  and  primitive  Tetrapoda  (Fig.  11)  appear 
to  be  as  follows : 

BHIPIDISTIA  TBTBAPODA 

Interclavicular  corlum  Intcrclavlcle 

Clavicle  ("infra clavicle")  Clavicle 

Suprnclelttaniui  ("iHupraclavtcle")  V  Fused   with   top   of  cleltbnun    (c/. 

Sclerocephalut) 
Poet-temporal  Lost 

C^ira^fcapula  CoracoscapiilB 
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Fleshy  lobe  of  fin  Arm  and  hand 

Mesoptery^ium  (single  basal  piece)  Humerus 

Mesoptorygial  axis  Humerus,  ulna,  ulnare,  digit  V  (?) 

Preaxial  parameres  (radials)  reduced      Lost 

or  absent 

Postaxial  parameres  Radius,  carpus,  digits  I-IV  (?) 

Dermal  rays  Lost 

The  pectoral  limb  of  SauripteruiS  diirers  Trom  the  tetrapod  type  in  the 
following  characters:  (1)  In  Sauriptenu^,  as  in  other  Khipidislia,  the 
chief  ascending  blade  of  the  slioulder-girdle  is  formed  by  the  cleithrum, 
the  scapulocoracoid  is  small  and  the  articular  region  is  protuberant; 
whereas  even  in  the  most  ancient  known  Tetra})oda  the  cleithrum  is  of 
relatively  small  size,  the  chief  ascending  blade  is  formed  by  the  scapulo- 
coracoid, and  the  articular  region  is  sunk  below  the  plane  of  the  sur- 
rounding parts.  (2)  Tlie  dermal  rays  (lepidotrichia)  are  w^ell  developed 
(lost  in  Tetrapoda;  cf.,  modern  Dipnoi).  (3)  The  limb  is  articulated 
more  on  the  postero-interior  border  of  the  ascending  blade  than  on  its 
outer  face,  and  is  directed  back\^'ard  rather  than  outward  and  downward. 
(4)  The  supposed  radius,  ulna,  carpals  and  digits  differ  widely  in  form 
from  these  elements  in  the  Amphibia,  so  that  their  supposed  homologies 
are  only  recognizable  after  close  study.  (5)  The  successive  segments  of 
the  limb  apparently  were  not  sharply  inclined  to  each  other,  as  at  the 
elbow  and  wrist  of  Tetrapoda,  but  were  arranged  radially  more  like  the 
axonosts  and  baseosts  of  ordinary'  fins.  (6)  While  the  evidence  is  not 
positive,  the  distal  rods  seem  to  dichotomize  and  even  the  undivided 
radials  exceed  in  number  the  digits  of  the  tetrapod  manus.  (7)  The  fin 
as  a  whole  conforms  to  the  imperfect  archipterygial  type  seen  in  Mega- 
lichthys  and  EmfJu'iiopteroti.  rather  than  to  the  cheiropterygial  type  of 
tetrapods.  While  all  these  differences  may  be  simply  primitive  char- 
acters, separating  members  of  two  distinct  classes,  nevertheless  they 
raise  the  question  whether  the  tetrapod  resemblances  in  the  pectoral  fin 
of  rhizodonts  may  not  be  fortuitous,  and  without  phylogenetic  signifi- 
cance; but  in  view  of  the  differences  in  function  of  the  Sauriptenis 
paddle  and  a  true  cheiropterygium  such  underlying  similarities  as  may 
exist  can  hardly  be  attributed  to  convergence,  and  when  taken  in  con- 
nection with  the  resemblances  in  the  skull  above  noted  (pp.  332-337) 
they  gain  in  importance. 

Dr.  Broom's  view  that  the  tetrapod  cheiropterygium  developed  only 
from  the  anteroventral  border  of  a  pro-Sauinpterus  stage  appears  to  me 
to  lack  adequate  evidence.  Xor  do  I  consider  the  presence  of  dermal 
ravs  as  unfavorable  to  the  development  of  a  cheiroptervgium.     The  re- 
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duclion  of  the  ilernial  rays  lias  frequently  occurred  in  tlie  Actinopterygii 
(e.  g.,  Murwna,  Lepidosircn)  without  impairing  the  locomotive  power  of 
the  fish.  When  the  pectoral  fm  was  turned  downward  and  forward  the 
medial  surface  of  the  spreading  lobate  portion  of  the  fin  would  seem  to 
be  fitted  for  the  digital  emargination  of  the  borders  and  the  modification 
of  the  radials  to  form  the  digits.  Dr.  H.  H.  Wilder  (1909,  p.  235)  has 
also  called  attention  to  the  fact  that  in  the  manus  of  NecturiLS  the 
muscles  for  spreading  and  closing  the  digits  are  so  highly  developed  as 
to  suggest  derivation  from  a  primitive  appendage  which  had  the  power 
of  widely  spreading  and  closing,  as  in  the  fins  of  fish.  In  Sauripterus 
(Fig.  10)  and  Eusthenopieron  (Fig.  8)  most  of  the  radials  converge 
toward  the  mesopterygial  axis,  which  includes  the  supposed  homologues 
of  the  humerus,  ulnar,  ulnare  and  digit  V  ( ?),  and  the  same  is  true  of 
the  digits  of  the  manus  of  Carboniferous  Amphibia  (Fig.  11)  and  Eep- 
tilia  and  of  recent  urodeles ;  in  both  classes  the  post-axial  paramere,  or 
radius,  is  sharply  separated  from  the  remainder  of  the  cheiropterygium. 
I  find  that  both  p:mery  (1897,  p.  208)  and  Jaekel  (1909)  have  also 
noted  this  biramous  charatrter  of  the  tetrapod  cheiropterygium. 

The  muscles  of  the  pectoral  limbs  of  Sauripterus  were  probably  sep- 
arable into  a  deep  proximal  mass  covering  the  scapulocoracoid  and  the 
humerus  and  a  deep  distal  mass  running  from  the  humerus  to  the  distal 
radials.  Surface  muscles  perhaps  extended  from  the  radials  back  to  the 
scapulocoracoid  region.  The  joint  corresponding  to  the  elbow  joint  is 
clearly  present  in  these  rhizodonts  and  the  '^radius''  and  '*ulna"  are  seen 
to  be  a  part  of  the  outer  or  distal  segment  of  the  limb. 

The  pelvic  limb  of  Eusthenopieron  (figured  by  Goodrich,  1909,  p.  275), 
which  is  the  best  known  one  of  the  rhizodonts,  has  likewise  a  certain  re- 
semblance to  the  tetrapod  type,  as  noted  by  Jaekel  (1909),  in  so  far  as 
it  possesses  a  single  basal  piece  analogous  to  the  femur  and  two  main 
radials  analogous  to  the  tibia  and  fibula.  The  pelvic  limb,  like  the 
pectoral,  appears  to  represent  an  imperfectly  attained  mesorhachic  type 
in  which  the  preaxial  elements  have  become  more  or  less  produced  later- 
ally and  to  some  extent  regrouped.  The  "femur"  has  two  broad  distal 
facets  for  the  supposed  fibula  and  tibia.  The  mesopterygial  element, 
which  may  be  called  the  "fibula,"  is  a  wide  element  bearing  at  its  distal 
end  two  facets  for  the  proximal  "tarsals'"  which  appear  to  be  the  fibulare 
and  intermedium,  or  tibiale.  The  distal  end  of  the  supposed  tibia,  or 
preaxial  paramere,  lies  beside  the  supposed  intermedium;  all  the  tarsals 
slant  toward  the  fibular  or  mesopterygial  axis.  ITie  joints  corresponding* 
to  the  knee  and  ankle  joints  are  well  defined  (Fig.  11).  All  this  con-^ 
Ptitutes  a  distinct  resemblance  t<.»  the  ]»clvic  limbs  of  Carboniferous  Tetra- 
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|«oda  (c/.  Jaekel,  1!M)I),  P'ig>i^.  2-18),  tlie  grent  differeiKC  lu'ing  that  in  the 
tetrapod  the  tarsals  havt*  hoconie  rehitively  shortened  and  wider  wliile  the 
jiietatarsals  and  digits,  tlir  tibia  and  femur  have  lengthened. 

The  stent  pelvic  bones  a])pear  to  represent  the  isehio-pubis.  No 
known  representative  of  the  ilium  is  present  in  the  rhizodonts;  but  even 
ill  sueh  relatively  advanced  tetrapods  as  Eryops.  alth(>\igh  the  ilium  is 
\VY\  large,  it  has  not  yet  gained  a  secure  contact  with  the  backbone,  and 
we  must  either  suppose  that  the  dorsal  growth  of  the  ])elvic  cartilage 
followed  very  rapidly  upon  the  change  in  function  from  fins  into  support- 
ing limbs:  or  possibly  that  the  anterior  process  of  the  "is4-hio-pubis"  of 
Kusih-enopteron  l)ecanie  rotated  upward  and  gave  rise  to  the  ilium,  while 
the  posterior  expanded  portion  broadened  out  into  the  true  ischiopubic 
mass. 

STEGOOEPHALI 

Between  the  oldest  known  Amphibia  of  the  Coal  Measures  and  all  fishes, 
there  remain  profound  stnictnral  differences  which  are  as  yet  unbridged 
by  palaeontological  discovery.  Even  the  branchiosaurs  and  their  still 
more  degenerate  modem  successors  the  urodeles  have  the  dermal  shoul- 
der-girdle reduced  and  the  epiphyses  of  their  limb-bones  cartilaginonB, 
which  may  indicate  that  instead  of  being  primarily  aquatic  animals,  true 
links  between  fishes  and  terrestrial  quadrupeds,  they  are  secondarily 
nquatic  (s(»e  also  B.  G.  Smith,  1912,  pp.  547-551).  And  yet  in  the  larval 
state  the  branchiosaurs  undoubtedly  retained  true  piscine  branchial 
arches,  while  the  branchial  skeleton  of  the  Permocarboniferous  ^'uro<lele'* 
Lysorophus,  as  figured  by  Williston  (1908),  can  leave  no  doubt  of  an 
ultimate  piscine  origin. 

So  wide  are  the  <lifferences  between  the  various  groups  of  Palaeozoic 
Amphibia  that  one  is  led  at  first  to  inquire  whether  they  may  not  have 
come  oiT  from  different,  but  allied,  groups  of  fishes,  so  that  for  example 
the  Steresopondyli  and  the  Tenmospondyli  might  be  related  to  the  Osteo- 
lepidje  and  Hhizodontidae,  while  the  Branchiosauria,  Microsauria,  Aisto- 
poda  and  Urodela  might  conceivably  run  back  to  some  form  like  Tarras- 
siv^  (see  p]).  357-358  al>ove).  Yet  in  spite  of  these  wide  differences 
among  the  Paheozoic  Amphibia  they  all  agree  in  having  one  fundamen- 
tally identical  skull  ])attern  and  cheiroj)terygial  limbs,  so  that  present 
evidence  suggests  that  the  transformation  of  fishes  into  amphibians  oc- 
cu^r.Ml  but  once. 

This  transformation  involved  first  of  all  the  abandonment  of  the  tail 
as  the  principal  propeller,  the  loss  of  its  dermal  rays,  the  abortion  of  the 
hypural  bones  and  the  assumption  of  the  gephvrocercal  form.     Such  a 
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transformation  has  occurred  many  times  in  the  Actinopt^^rygii  and  also 
in  the  Dipnoi.  If  the  pro-Tetrapoda  were  Rhipidistia  the  transformation 
also  involved  the  loss  of  the  two  dorsal  and  anal  fins  and  of  their  ex- 
panded basal  supports.  The  notochord  in  these  pro-Tetrapoda  must  have 
been  wholly  persistent,  for  in  the  earliest  known  tetrapods  the  vertebrae 
are  not  only  of  widely  varied  type,  but  by  no  means  complete.  The  pro- 
Tetrapoda  undoubtedly  had  both  the  pectoral  and  pelvic  fins  strongly 
developed  and  of  lobate  or  fleshy-based  type.  When  they  first  emerged 
from  the  wat^r,  either  in  pursuit  of  littoral  prey  or  during  times  of 
drought,  they  may  have  used  tlie  medial  or  palmar  surface  of  the  paddles 
for  traction  and  propulsion,  at  the  same  time  wriggling  on  their  bellies. 
Some  of  those  with  small  paddles  soon  adopted  a  snake-like  habitus  and 
lost  the  limbs  (Aistopoda,  Apoda).  In  those  that  developed  the  limbs 
(Fig.  14)  the  scapulocoracoid  increased  rapidly  in  size  and  became  ossi- 
/  filed,  the  cleithrum  was  reduced,  the  posttemporal  and  supracleithrum 
disappeared  and  the  only  connection  between  skull  and  shoulder-girdle 
was  furnished  by  the  "trapezius'^  muscle,  which  in  modern  urodeles  ex- 
tends from  the  "suprascapula"  (  ?  cleithrum)  to  the  occiput  (Fig.  14,  F). 
Thus  the  shoulder-girdle  acquired  mobility,  while,  with  the  growth  of  the 
scapulocoracoid,  its  muscles  acquired  a  larger  base,  and  extended  around 
from  the  medial  to  the  external  side.  The  extension  of  the  coracoscapular 
muscles,  ventrally,  dorsally  and  externally,  together  with  the  differentia- 
tion of  the  pectoral  muscles  greatly  increased  the  strength  of  the  forearm 
and  crowded  the  cleithrum  to  the  front  edge  of  the  scapula.  The  differ- 
entiation of  the  pectoral  muscles  conditioned  the  formation  of  the  rhom- 
boid interclavicle  which  partly  overlies  them. 

More  diflBcult  to  comprehend  arc  the  muscular  rearljustments  which 
must  have  ensued  when  the  elbow  and  knee  bends  were  l)eing  established, 
and  the  shifting  of  the  articular  surfaces  of  the  humerus  radius  and  ulna. 

With  regard  to  the  muscles  of  the  cheiropterygium  itself,  Professor 
H.  H.  Wilder  (1909,  pp.  230-231,  235)  in  the  course  of  an  illuminating 
discussion  of  the  musculature  of  Nrcturuii  writes  as  follows : 


itf 


'The  muscles  of  the  distal  portion  of  the  vertebrate  chiropterygium,  that  Is, 
trom  elbow  or  knee  on,  aside  from  the  modifications  imposed  upon  them  by 
the  varying  shapes  of  the  limbs  themselves,  and  the  great  difference  in  their 
use,  are,  in  their  essential  features,  quite  similar  in  all  living  forms,  and  in 
their  differences  show  the  modifications  of  a  primary  type  due  to  environment 
rather  than  the  suggestions  of  an  historic  development  of  that  t>'pe.  The 
study  is,  therefore,  one  mainly  of  the  adaptations  of  a  given  set  of  elements, 
rather  than  a  phylogenetic  history,  which  latter,  as  is  the  case  also  with  the 
bones  of  the  same  region,  mu.st  be  sought  in  the  ;;ap  separating  tin  and  hand, 
that  is,  in  the  phylogenetic  stages  represented  by  lost  forms  of  ganoids,  stego- 
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o-ephali,  and  tbelr  allies.  The  salamander  Xecturus,  probably  tbe  nearest  ap- 
proach to  this  series  represented  by  living  fauna,  offers  in  its  distal  mus<.^les 
some  few  suggestions  of  an  earlier  phylogenetic  stage,  and  is  thus  of  funda- 
mental importance  in  the  present  inquiry.  The  well-nigh  complete  correspond- 
ence in  the  fore  and  hind  liml)  as  regards  not  only  bones  and  muscles,  but 
other  parts  as  well,  has  been  commented  on  above  and  offers  strong  su]>port 
for  the  doctrine  of  serial  homology,  to  be  considered  later.  There  are,  also,  as 
is  the  case  with  higher  forms,  some  traces  of  a  correspondence  between  the 
dorsal  and  ventral  surfaces  of  a  single  paw,  giving  a  suggestion  of  the  deriva- 
tion of  the  chiridial  musculature  from  a  fin-like  precursor  in  which  the  jointed 
rays  (digits)  were  supplied  by  similar  muscular  elements  applied  both  dor- 
sally  and  ventre Ily,  as  in  present-day  fishes.  The  following  description  Is  that 
of  the  anterior  limb,  but  with  the  substitution  of  the  terms  tibia  and  fibula 
for  radius  and  ulna,  tarsus  for  carpus,  and  so  on,  it  will  be  foimd  almost 
equally  applicable  to  the  posterior  one.  In  a  few  cases  a  muscle  which  is  well 
developed  in  the  anterior  limb  is  small  or  wanting  in  the  posterior,  and  thus 
the  former  is  a  little  more  typical.' 

**Reviewing  the  conditions  in  this,  probably  the  most  primitive  chlroptery- 
gium  now  left  to  us,  several  Interesting  points  become  manifest  The  digits 
are  moved  in  two  ways,  either  flexed  and  extended  or  moved  sideways,  but 
while  the  system  which  provides  for  this  latter  form  of  motion  Is  extremely 
well  perfected,  that  for  flexion  and  extension  is  not  For  alxluction  and  ad- 
duction there  are  typically  five  separate  muscles  for  each  digit,  that  Is,  two 
ventral,  two  dorsal  and  one  intermetacarpal,  while  for  flexion  and  extension, 
aside  from  the  system  supplied  by  an  aponeurosis,  and  evidently  a  newly  In- 
troduced feature,  there  are  but  three.  This  extreme  perfection  of  the  sidexoays 
movement  of  the  digits  in  the  most  primitive  chiridium  knaicn,  together  toith 
the  weak  and  makeshift  arrangements  for  bending  and  straightening  the  digits, 
strongly  suggest  the  derivation  of  the  chiridial  type  from  one  in  which  the 
digits  ( fin-rays f J  required  to  be  constantly  opened  and  shut  by  lateral  move- 
ments, precisely  as  in  the  case  of  the  fins  of  most  fishes. 

**During  later  phylogenetic  history  there  is  an  evident  tendency  to  increase 
the  efficiency  of  the  fiexor-extensor  system  and  diminish  that  of  the  abductors 
and  adductors,  except  In  the  case  of  the  two  digits  that  form  the  ends  of  the 
series  (I  and  V),  and  the  most  of  these  changes  have  already  occurred  among 
the  higher  urodeles." 

As  the  skeletal  remains  of  the  limbs  of  Carboniferous  Tetrapoda  retain 
but  little  that  is  clearly  suggestive  of  derivation  from  the  paired  appen- 
dages of  fish,  so  too  the  footprints  of  these  animals  indicate  that  the 


*  "In  one  point  the  free  limb  of  Secturua  diverges  from  what  is  generally  believed  to 
be  the  typical  ohiropterygiuni,  and  that  Ih.  It  possosnes  but  four  digits  in  each  oxtrtMnity 
instead  of  the  cnnonical  Ave  whicli  iff  usually  considered  primitive.  Since  the  nearest 
ally  of  this  species,  the  cave  form,  Proteus,  exhibits  a  still  greater  reduction  <>f  digits 
(anterior,  3;  posterior,  2).  it  has  been  presumed  that  this  is  In  both  cases  a  secondary 
reduction.  Certain  facts,  however.  loud  one  lo  tliink  that  the  flrst  land  vertebrates  i)os- 
sessed  a  smaller  number  of  digits  than  Ave.  and, if  this  be  so,  the  condition  in  these  two 
salamanders  is  primitive,  and  not  a  secondary  reduction.  According  to  the  reduction 
theory  digit  I  is  assumed  to  be  the  one  lost,  and  In  accordance  with  this  tho  four  digits 
present  are  designated  here.  l>oth  in  text  and  illustrations,  as  II-V."     r Wilder,  p.  -J.'Jl ). 
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fleshy  portions  oi  the  limbs  were  perhaps  no  more  fish-like  than  in  the 
modern  Xedurvs, 

These  Carboniferous  footprints  vary  widely  in  fonn,  as  do  also  the 
known  skeletons  of  Carboniferous  Tetrapoda.  The  number  of  toes  in 
both  manus  and  pes  varies  from  three  to  five  (G.  F.  Matthew,  1903, 
1904),  but  in  perhaps  the  majority  of  cases  the  manus  has  four  digit? 
and  the  pes  five.  Abel  (1912,  p.  68)  indeed  concludes  that  no  stego- 
cephalian  had  a  five-fingered  hand;  but  in  a  well  known  specimen  of 
Eryops  merjaceplialus  (Amer.  Mus.,  No.  4186)  which  was  described  by 
Cope  (1880)  digits  I,  III,  IV,  Y  are  present  in  the  fossil  and  the  missing 
digit  II  is  represented  by  a  wide  facet  on  carpal  2. 

One  of  the  oldest  known  footprints  is  a  single  impression  from  the 
Mauch  Chunk  Shale  (Lower  Carboniferous)  of  Pennsylvania  to  which 
the  name  Thinopy^s  aniiquus  was  given  by  Marsh  (1896).  The  imprint 
consists  of  two  stout,  jointed  toe-marks,  which  are  nearly  parallel  to  each 
other,  but  separated  by  a  considerable  interval  extending  back  to  the  mid- 
dle of  the  palm ;  from  one  of  the  toes  a  smaller  offshoot  near  the  tip  indi- 
cates a  small  lateral  toe.  It  mav  be  a  mere  accidental  resemblance  that 
the  pes  of  the  modern  Proteus  is  likewise  bilobate,  even  in  early  stages 
of  development  (Wiedersheim,  1802,  p.  199).  A  footprint  named  Asperi- 
pes  avipes  from  the  Carboniferous  of  Eastern  Canada  (G.  F.  Matthew, 
1904,  PI.  II,  fig.  2a,  2h)  represents  a  three-toed  manus  that  may  have 
been  somewhat  similar  to  that  of  Thinopus  aniiquus:  but  the  pes  of 
Asperipes  has  five  digits. 

Thus  it  is  an  open  question  whether  the  three-  and  four-toed  feet  of 
Carl)oniferous  Tetrapoda  represent  reduction  stages  from  the  typical 
pendactyl  cheiropterygium,  or  whether  there  has  been  an  increase  in  the 
number  of  the  digits  from  three  to  fise.  Favoring  the  former  supposition 
is  the  following  evidence:  In  modern  Salamanders  the  number  of  digits 
is  four  in  the  manus  and  fiwa  to  four  in  the  pes;  in  the  pes  the  process 
appears  to  have  been  reduction  from  fi\(i  to  four  rather  than  the  reverse : 
for,  (a)  in  the  development  of  the  pes  of  the  four-toed  Salamandrella 
I'ai/slerUngii  there  appears  a  vestigial  fifth  tarsal  which  later  unites  with 
tarsal  4  (Schmalhausen,  1910,  figs.  6,  T),  and  (h)  in  the  degenerate 
Proteus  the  number  of  digits  is  reduced  to  three  in  the  manus  and  two 
in  the  pes. 

In  many  of  the  Carboniferous  footprints  the  fifth  or  outer  digit  of  both 
manus  and  pes  is  sharply  divergent,  the  fourth  is  the  longest  and  the  ends 
of  digits  IV,  Til,  11.  I  are  turned  inward,  wliile  the  foot  as  a  whole  point* 
forward:  all  these  eharacters  suggest  liml>-stnicture  fundamentally  simi- 
lar to  that  of  Eryops  or  inde(»d  of  modern  urodeles.  especially  the  sala- 
manders. 
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An  ini})ortaiit  fact  in  connection  witli  the  origin  of  tlie  tetrapod  limbs 
is  that  in  all  knoAvn  Carboniferous  Amphibia  and  Reptilia  as  well  as  in 
recent  urodeles  all  the  digits,  together  with  their  carpals  or  tarsals,  con- 
ver^^e  toward  the  ulna  or  fibula  respectively,  and  that  the  whole  carpus 
and  tarsus  are  obliquely  place<l  with  reference  to  the  ulna  and  fibula. 
This  arrangement  appears  to  be  foreshadowed  in  the  rhizodonts  (Fig. 
II):  especially  if  we  assume  that  only  those  radials  that  converge  toward 
the  mesoi)terygium  were  preserved,  and  that  the  postaxial  radials  gave 
risi*  If)  th<»  vestigial  ]»reliallnx  and  [)repollex  which  are  so  widely  distrib- 
uted in  the  Tetrapoda  {cf.  Emery,  1897). 

Although  an  ilium  and  a  sacral  attachment  to  the  backbone  are  not 
known  in  fish,  the  readiness  with  which  the  backbone  forms  an  attach- 
ment with  the  bases  of  the  fins  in  different  groups  of  fishes,  either  througli 
the  hypural  bones,  or.  in  the  Rhipidistia,  with  the  expanded  bases  of  th" 
<lorsal  and  anal  fins,  indicates  that  with  the  enlargement  of  the  hind 
limbs  and  pelvis  tiie  development  of  paired  dorsal  apophyses  or  ilia  and 
their  subsc(|iiejit  attachment  to  tlie  sacral  ril)s  wouhl  s(M>n  follow.  Indce<l 
the  sacral  ribs  of  Enjops  an<l  even  of  modern  urodeles  furnish  an  exam- 
ple of  the  imperfect  connection  between  the  pelvis  and  the  backbone  that 
existed  in  early  tetrapo<ls. 

"PKOCOKACOII)  AND  (^ORVrolI)"  OIJ  *'('()KA('OII)  AM)   M  KTACOK  \<<>I  I)"    ? 

Notwithstanding  all  that  has  been  written  since  Howes's  i)aper  (188T) 
in  the  effort  to  homologize  tlie  coracoidnl  elements  throughout  the  Tetra- 
poda, investigators  are  still  divided  as  to  the  application  of  these  terms 
and  as  to  the  implied  homologies.  Professor  Williston,  in  various  ])ul)li- 
cations,  inclines  to  the  view  that  the  true  mammalian  coracoid  is  repre- 
sented in  the  primitive  reptiles  by  the  anterior  one  of  the  two  coracoidal 
elements ;  he  accordingly  calls  it  ''coracoid,"  while  the  posterior  element 
he  calls  "metacoracoid" ;  other  investigators,  however  (including  Huene, 
Kroom  and  Watson),  continue  to  use  the  terms  *^*j)rocoracoid"  and  **cora- 
coid." 

With  the  hope  of  coming  to  s»»me  decision  in  the  matter  I  have  com- 
pared the  shoulder-girdle  of  representative  Tetrapoda  of  all  classes  and 
Professor  L.  A.  Adams  has  prepared  the  series  of  figures  (Figs.  12-15) 
here  published.  It  seems  to  us  that  Broom's  observations  (1800)  on  the 
development  of  the  shoulder-girdle  of  marsupials  offer  decisive  <'videm;e 
that  the  true  coracoid  is  the  main  element  tliat  extends  down  to  the 
sternum  in  embryonic  marsupials  (Fig.  12,  A,  B),  but  we  regard  the 
mesenchymatous  anterior  element  called  by  Broom  "procoracoid"  as  mt)re 
probably  homologous  with  the  epicoracoid  of  the  monotremes  and  lizards 
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Fio.  12. — Homology  of  the  coracoid  in  primitive  mammals 

A.  Left  Hhoulder-girdle  (outer  view)  of  an  8.5  mm.  embryo  of  a  dlprotodont  marsupial, 
Trichosurus  vulpecula.  After  Broom.  In  this  stage  the  true  coracoid  {cf.  figs.  B,  C) 
Is  connected  below  with  the  sternum,  at*  In  adult  monotremes.  The  epicoracold  (**pro- 
coracoid"  of  Broom)  Is  mesenchyniatxius.  It  does  not  share  In  the  glenoid  and  Is  there- 
fore unlike  the  reptilian  "procoracoid"  (=  coracoid),  but  does  resemble  the  membranous 
epicoracold. 

B.  Left  shoulder-girdle  (ventro-lateral  view)  of  a  14.8  mm.  Trichosurus  vulpecula 
embryo.  After  Broom.  The  coracoid  at  this  stage  retains  its  connection  with  the 
sternum,  which  connection  Is  lost  in  the  adult ;  the  epicoracold  has  disappeared. 

C.  Right  shoulder-girdle  and  proximal  part  of  humerus  (inner  view)  of  adult  dlproto- 
dont marsupial.  Phascolarctus  cineieuit.  The  single  coracoid  shares  in  the  glenoid  and 
points  downward  and  inward  toward  the  sternum. 

1>.  lieft  Kcupulocoracold  (ventromedial  view)  of  DasjipuH  8i»..  showing  the  metacora- 
cold  (m.vo)  as  a  separate  element. 

E.  Lower  part  of  left  scapulo-coracoid  of  Megatherium  (Inner  view),  after  Weber, 
showing  Kuture  In'tween  corac<ild  and  nietacuracoid. 

F.  L(>ft  scapulo-curucoid  of  Lcput*  (outer  and  distal  views),  after  Howes,  showing: 
coracoid  and  metncoriicoid  both  sharln}?  In  the  glenoid  articular  Kurface. 
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(see  below ).  and  we  do  not  favor  Broom's  view  that  the  posterior,  glenoid- 
sharing  element  (Fig.  12, 1),  E,  F)  in  rodents,  edentates  and  many  other 


B 


Fi<;.  13. — Homology  of  the  coracoids  in  Monotremea 

A.  Shoulder-girdle  of  Echidna  aculeata ;  B,  Omithorhpnchua  anatiniu;  left  side,  outer 
view ;   CD,   the  same,   ventral   view. 

The  epicoracoid  (ep.vo)  agrees  with  that  of  lixards  and  iiphenmlon  in  all  its  relations. 
The  broad  coracoid  may  either  represent  both  the  primitive  reptilian  elements  (coracoid 
and  metacoracoid)  or  the  metacuracold  may  have  disappearefl. 

placental  mammals  is  a  neomorph,  in  the  nature  of  a  glenoid  epiphysis. 
This  so-called  epiphysis  agrees  with  the  "metacoracoid"  (Williston)  of 
Permian  reptiles  ( Fig.  14,  E,  F)  in  its  relations  with  the  true  coracoid 
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A,  aphenodon,  right  shonlder-girdlc.  outer  view  ;  B,  ditto,  ventral  view.  Ttie  coracoid 
is  single.  The  metacoracoid  may  have  disappeared.  The  epicoracoid  iep.ro.)  as  in  the 
lizard  (C.D)  is  bounded  by  the  scapula,  coracoid,  interciavlcle  and  clavicle.  Beneath  the 
T-shaped  interciavlcle  is  the  intercoracoid,  or  anterior  sternal  region. 

C.   VaranuH,  left  shoulder-girdle,  outer  view;  D,  ditto,  ventral  view. 

In  Sphenodon  and  Varanus  the  so-called  "suprascapula"  {f  vl)  may  (>0!iMibly  represent 
the  cleithrum  of  primitive  Tetrapoda  {cf.  Fig.  14  D).  The  "suprascapula,"  like  the 
clelthrum,  is  connected  below  with  the  clavicle ;  to  it  is  attached  the  trapezius  muscle. 
The  corucoid  is  single ;  anteriorly  it  is  fenestrated  for  the  i)ectoral  muscles. 

E,  Shoulder-girdle  of  a  Cotylosaur,  LabidosauruB.  Ventral  view,  after  Wiiliston.  The 
coracoid  and  nietacold  are  distinct ;  the  cleithrum  is  absent. 

F,  Shoulder-girdle  of  a  Permocarbonlferous  reptile,  Edaphosaurua  novomexUanus, 
after  Wiiliston  and  Case.  Right  side.  The  expanded  coracoid  region,  short  scapula  and 
large  clavicle  are  perhaps  inherited  from  primitive  amphibians.  The  metacoracoid  is 
present. 

and  with  tlie  glenoid;  its  wide  distribution  as  a  vestigial  or  reduced 
ossilic  center  in  various  orders  of  mammals  suggests  that  it  is  an  ancient 
reptilian  inheritance. 

In  reference  to  the  shoulder-girdle  of  monotn^mes  we  would  apply  the 
name  coracoid  to  the  j)osterior  element,  which  forms  part  of  the  glenoid 
(Fig.  1.*)).  since  this  part  closely  resembles  the  true  coracoid  of  embryo 
marsupials.  The  anterior  element  (Fig.  1^5,  ep.  co.)  may  correspond 
witii  the  epicoracoid  (Fig.  14)  of  lizards  and  Sphenodon,  as  suggested 
by  Wiedersheim  (11)0!),  p.  li)0),  which  never  participates  in  the  glenoid 
and  alwavs  lies  beneath  the  interclavicle  and  clavicle.  Thus  the  true 
coracoid  of  monotremes  mav  either  have  resulted  from  the  loss  of  the 
suture  between  the  coracoid  and  metacoracoid  or  the  metacoracoid  may 
have  disappeared,  while  the  epicoracoid  has  been  developed,  perhaps  in 
adaptation  to  fossorial  habits. 

In  the  lizards,  Sphenodon  and  other  reptiles  with  a  "single"'  coracoid 
(Fig.  14),  this  singleness  may  also  have  resulted  either  from  the  loss  of 
the  suture  separating  the  coracoid  from  the  metacoracoid,  or  from  the 
disappearance  of  tlieir  coracoid.  1'heir  epicoracoid  is  also  well  developed 
and  ossified. 

In  the  lower  l^etrapoda  (Fig.  15),  including  various  Permian  orders, 
the  coracoid  and  metacoracoid  are  often  divided  by  suture,  but  the  epi- 
coracoid is  not  ossified. 

In  Ceratodu^  (^iff-  ^)y  the  sturgeons  (Fig.  4)  and  the  sharks,  which 
have  the  best  developed  and  largest  coracroscapula  cartilages  among  recent 
lishes,  there  is  no  sutural  separation  of  parts  and  it  seems  likely  that  tlie 
segregation  of  ossific  centres  corresponding  to  the  coracoid  and  metacora- 
coid is  a  later  advance,  ])erhaps  correlated  with  the  great  expansion  of  the 
coracoscapular  mass  and  the  higher  differentiation  of  the  limb  muscles 
in  tetrapods. 
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Fig.  16. — Homologies  of  the  coracoidt,  etcetera,  in  AmpMbia 

A.  Sboulder-girdle  of  a  Permocarbonlferous  temnospondjl,  Eryops  meocKephahu, 
cater  view  of  left  side ;  from  specimens  in  the  American  Museum ;  B,  the  same,  ventral 
view;  C,  the  same,  ventro-oxtemal  view.  (No  suture  between  the  coracold  und  meta- 
(roracoid  was  found.) 

All  till'  t'lements  of  the  primitive  tetrapod  shoulder-girdle  are  present.  The  median 
ventral  space  lK.>twe<>n  the  corac(»idK  was  probably  fllled  by  the  interooracold  mesen- 
chymatuiiK  tlsmie. 

Dermal  elements:  i.r,  Interclavicle :  cr,  clavicle :  rj,  cleithrum. 

Cartilage  bones:  vv.  coracoid ;  in.vo,  metacoracoid  :  «<-.  scapula;  gl,  glenoid. 
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The  expanded  upper  portion  of  the  clelthnim  may  have  served  for  the  attachment  of 
the  trapezius  muscle  {cf.  Fig.  14,  F). 

D,  Shoulder-girdle  of  a  Permocarhonlferous  temnospondyl  Cacops  aspidephorua.  After 
Wllllston. 

The  clelthrum  extends  over  the  top  of  the  scapula  after  the  fashion  of  a  suprascapula 
(cf.  Fig.  14,  F).  The  lower  end  of  the  clelthrum  may  represent  the  mammalian  acro- 
mion  (Gaudry,  Broom). 

E,  Shoulder-girdle  (ventral  view)  of  a  modern  urodele,  Salamandra  mcuulotta,  after 
W.  K.  Parker.  Nearly  adult,  enlarged  4/1.  The  greatly  enlarged  Intercoracold  car- 
tilages, which  overlap  In  the  mid-line,  furnish  a  broad  base  for  the  pectoral  muscles. 
The  anterior  extension  occupies  the  position  of  the  epicoracold.  The  interclavlcio  and 
clavicle  are  lost.     9t,  sternum. 

F,  Shoulder-girdle  (left  side,  outer  view)  of  Salamandra  moculotia,  after  W.  K.  Parker. 
Nearly  adult,  enlarged  5/1. 

The  coracoid,  metacold  and  Scapula  are  Rtill  separated  by  sutures.  The  dermal  ele- 
ments are  lost,  except  possibly  the  clelthrum  (fcl),  which  may  be  represented  by  the 
so-called  suprascapula ;  this  gives  attachment  to  the  trapezius  muscle. 

G,  Shoulder-girdle  of  a  Permocarhonlferous  branchiosaur,  BrachioBaurus  salaman' 
droidea.  After  Frltsch.  Viewed  from  above,  x  0/1.  In  the  branchiosaurs.  which  are 
in  many  characters  structurally  ancestral  to  such  modern  urodeles  as  Cryptobranchua, 
the  intercoracolds  are  much  expanded,  the  scapula  has  a  short  truncate  blade  and  the 
dermal  elements  (clavicle,  interclavicle,  clelthrum)   are  slender. 

H,  Scapulocoracoid  of  a  Permocarhonlferous  reptile,  Ditnetrodon.  After  WllllstOD. 
The  expansion  of  the  coracoid  and  the  small  size  of  the  metacoracoid  are  reminiscent 
of  the  temnospondylous  Amphibia.  This  scapulocoracoid  is  fundamentally  similar  to 
that  of  the  Therocephalla  and  doubtless  represents  a  pre-mammalian  stage,  avr,  acromial 
process. 

In  short  we  conclude:  (1)  that  in  primitive  reptiles  tlie  liomologue  of 
the  true  mammalian  coracoid  is  that  anterior  element  which:  (a)  lies 
below  the  acromial  border  of  the  scapula,  (6)  above  the  clavicle,  (c) 
enters  the  glenoid  articulation  posteriorly  and  (d)  extends  ventrally 
toward  the  sternum;  (3)  that  the  posterior  element  or  metacoracoid  in 
many  mammals  persists  in  a  reduced  condition,  arising  from  a  separate 
center;  (3)  that  in  monotremes,  lizards,  Sphenodon  and  certain  other 
reptiles  the  suture  between  the  coracoid  and  metacoracoid  may  have 
disappeared  or  else  the  metacoracoid  has  disappeared  (Williston)  ;  (4) 
that  the  epicoracoid  is  a  thin  membranous  element  lying  between  the 
coracoid  and  the  interclavicle  in  lizards,  Sphenodon  and  the  monotremes, 
which  was  probably  present  also  in  many  of  the  Permian  Tetrapoda. 

Conclusion 

Although  the  foregoing  discussion  of  the  derivation  of  cheiropterygial 
limbs  from  piscine  appendages  is  regrettably  incomplete,  it  is  at  least 
based  so  far  as  possible  upon  the  combined  data  of  comparative  anatomy 
and  palfleontology,  and  the  evidence  here  summarized  is,  I  hope,  in  line 
with  the  historical  trend  of  development  in  these  fields. 
./  From  the  viewpoint  which  has  been  developed  in  the  preceding  pages, 
y      the  origin  of  the  Tetrapoda  is  regarded  as  a  remote  consequence  of  the 
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transf  on  nation  of  minute,  acnuiiate,  radially  conj^tnicled  co*lenterates, 
moving  l)y  the  lashing  of  eilia,  and  ingesiing  microscopic  food  particles^ 
into  pre-gnathost^mie  animals  with  contractile  mv(K(i?lomic  |)ouohe8, 
which,  hecomiiig  muscular,  gave  rise  to  the  primary  IcKromotive  organs, 
or  mvomeres,  as  well  as  to  the  cielom. 

Bilaterality  ensuing,  tmd  pharangeal  diverticula  appearing,  our  ani- 
mals entered  the  path  of  predatory  adaj)tation ;  this  led  to  the  acquire- 
ment of  accessory  locomotive  structures,  including  the  local  outgrowths 
called  fills,  and  to  the  formation  of  a  synthetic  or  gnathostome  type  of 
head,  fitted  for  seizing  and  ingesting  living  prey. 

The  acquisition  of  a  many-layered  skin,  pr(H.-eeding  with  the  further 
differentiation  of  the  myoc(i4omic  pouches,  and  of  the  derivetl  mesen- 
chyme, was  followed  i)y  the  develo{)ment  of  an  exoskelelon,  and  later  of 
an  endoskeleton,  the  mesenchvme  carrving  the  bone  cells  either  to  the 
skin  or  to  the  mesenchvmal  connective  tissue  sheaths  between  the  myo- 
meres  and  around  the  dorsal  axis. 

Endoskeletal  sup])orts  thus  evolving  the  Osieichthves  appeared. 

Of  these  the  Dipnoi  acquired  elaborate  tritoral  teeth  and  other  special- 
ized conditions  and  thus  removed  themselves  from  the  main  ascending 
line,  while  in  the  other  direction  the  .\ctinoptervgii  carried  to  a  high 
perfection  the  scale-like  dermal  rays  and  other  purely  a<]uatic  adaptations. 

The  Crossopterygii  ])artly  i)aralleled  the  Actinopterygii  in  the  evolu- 
tion of  dermal  rays  but  were  distinguished  by  the  outgrowth  of  fleshy 
lobate,  fan-like  paired  fins,  the  prerequisites  for  the  acquirement  of  hands 
and  feet.  The  double-breathing  pro-Tetrapoda  reversed  the  direction  of 
their  evolution,  sacrificed  dermal  rays,  hy[)ural  bones,  caudal  and  dorsal 
fins,  scales,  operculars,  gulars  and  the  elements  connecting  the  shoulder- 
girdle  with  the  skull,  largely  reduced  the  cleithrum  and  emerged  from 
the  water  by  virtue  of  the  tractive  and  propulsive  power  of  their  stout 
paired  fins. 

As  thus  conceived  tht»  rise  of  the  vertebrates  and  the  origin  of  the 
•  Tetrapoda  constitute  a  history  of  successive  improvements  in  the  loco- 
motive apparatus. 
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Introduction 


There  has  been  of  late  an  ever  increasing  interest  in  the  quest  for 
information  concerning  the  biologic  action  of  the  rare  elements.  Within 
the  last  few  years  attempts  have  been  made  to  introduce  radium,  thorium, 
(rriinii,  vanadium,  tellurium  and  others  into  therapeutics;  and  it  is  but 
vciy  recently  that  palladium  has  been  suggested  as  a  cure  for  obesity  and 
seleniinn  as  a  valuable  agent  in  cancer  therapy.  Furthermore,  selenium 
has  hofonie  of  increasing  interest  since  it  has  been  found  (to  the  extent 
of  0/^  nig.  per  liter)  in  the  mineral  waters  of  La  Roche-Posay,  and  since 
some  of  its  compounds  can  serve  as  excellent  reagents  for  the  detection 
of  certain  alkaloids  and  also  for  the  detection  of  micro-organisms. 

The  experiments  undertaken  extend  the  work,  in  this  laboratory,  which 
was  done  on  selenium  by  Woodruff  and  Qies  more  than  a  decade  ago. 

^  Manuicript  rteeived  bj  the  Bditor  27  March,  1916. 
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The  experiments  relate  to  the  reduction  of  selenium  compounds  hy  chem- 
ical substances  of  biologic  significance,  by  micro-organisms,  by  plant  sub- 
stances and  by  animal  tissues.  Toxicological  and  ])harmacological  effects 
were  also  studied,  as  well  as  the  efTect  on  germination  and  growth  of 
plants,  the  effect  on  enzyme  activity  and  the  efTect  on  the  precipitation 
of  proteins.  The  compounds  employed  were  selenium  dioxid  (selenious 
acid),  sodium  hydrogen  selenite,  normal  sodium  selenite,  selenic  acid, 
sodium  selenate,  potassium  selenocyanatc.  For  some  of  tlie  compounds 
thanks  are  due  to  Professor  Victor  LehnCr,  of  the  University  of  Wisconsin. 

Sodium  Selenite  as  a  Kkacient  for  Reducing  Substances 

Sodium  selenite  in  alkaline  solution  can  lie  used  as  an  indicator  for 
reducing  sul>stances,  especially  for  the  carbohydrates  containing  a  free 
carbonyl  group.  Tlie  following  do  not  reduce  sodium  selenite  (alkaline 
to  litmus)  :  acetone,  formaklehydo,  trioxy methylene,  acetaldehyde,  furol, 
benzaldeliyde,  cinnamic  aldehyde,  salicyl  aldehyde,  piperonal,  methyl  al- 
cohol, ethyl  alcohol,  glycerol,  erythrol,  mannite,  inosite,  phenol,  the 
cresols,  thymol,  a-naphthol,  acetic  acid,  biiiyric  arid,  /^-oxybutyric  acid, 
palmitic  acid,  stearic  acid,  trichloracetii'  acid,  oxalic  acid,  tartaric  acid, 
citric  acid,  oleic  acid,  malic  acid,  cinnamic  acid,  liippuric  acid,  glycocol, 
alanin,  guanidiu  carbonate,  Icucin,  urea,  tliio-urca.  ammonium  sulfo- 
cyanid,  cafTein,  theobromin,  uric  acid,  sodium  urate,  creatinin,  lecithin, 
cholesterol,  palmitin,  stearin,  olein,  blood  albumen,  blood  fibrin,  edestin, 
ogg  allnimen,  gelatin,  peptone,  proteoses,  ovalbumin,  collagen,  osseo- 
mucoid, elastin,  saccharin,  antipyrin,  antliraquinone,  sucrose,  raflfinose, 
cellulose,  starch,  dextrin,  glycogen,  inulin,  esculin,  amygdalin,  and  the 
following  gums:  arabic,  tragacanth,  guaiac,  rosin,  benzoin,  kino,  aloes, 
asafcetida,  myrrh,  gambir.  Alcoholic  solutions  of  benzoin,  kino  or  aloes 
give  a  red-brown  to  cherry-red  solution  without  the  addition  of  sodium 
selenite.  The  following  reduce  sodium  selenite :  amidol,  arabinose,  rham- 
nose,  xylose,  dextrose,  galactose,  levulose,  nialto.^o,  lactose,  hydnujuinone, 
phloroglucin,  pyrogallol,  hydroxyhimin  hydroohlorid,  ])henylliydrazin  hy- 
drochlorid,  bcnzidin  hydrochlorid,  hydrazin  hydrate:  arsenious,  hydro- 
bromic,  hydriodic,  ])hosphorous,  hypophosphorous  and  sulfurous  acids; 
ferrous  sulfate,  stannous  chlorid,  zinc  and  hydrochloric  acid,  hydrogen 
sulfid,  acetylene,  formic  acid,  gallic  acid,  lactic  acid,  tannic  acid. 

Acetone,  acetaldehyde,  formaldehyde,  aceto  acetic  ester,  )8-oxybutyric 
acid,  creatinin,  lactic  acid,  formic  acid  and  inulin  reduce  in  acid  but  not 
in  alkaline  mixtures  of  sodium  selenite.  Methvl  alcohol  and  ethvl  alcohol 
reduce  sodium  selenite  strongly  acidified  with  sulfuric  or  with  hydro- 
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cliloric.  Oxalic,  citric,  tartaric,  malic  and  salicylic  acids,  benzaldehyde, 
cinnamic  aldeliyde,  and  salicyl  aldehyde  reduce  neither  in  acid  nor  in 
alkaline  mixtures. 

The  results  show,  that  monosaccharides  readily  reduce  an  alkaline  solu- 
tion of  sodium  selenite.  The  pentoses  give  readier  and  more  profuse 
reduction  than  the  hexoses  and  the  reducing  disaccharides.  Of  the 
pentoses,  xylose  yields  most  profuse  reduction.  Among  the  hexoses, 
JeVulose  ajid  galactose  reduce  more  readily  than  dextrose,  and  galactose 
less  readily  than  levulose.  Among  the  disaccharides  only  those  having  a 
free  carbonyl  group  reduce.  Maltose  and  lactose  show  reduction,  but 
sucrose  does  not.  Raffinose,  cellulose,  starch,  dextrin,  glycogen,  inulin 
also  do  not  reduce. 

In  ord^r  to  test  the  influence  of  acidity  or  alkalinity  upon  the  re- 
duction, of  sodium  selenite,  nineteen  reagents  were  made  up.  One 
consisted  of  sodium  selenite  neutralized  with  sulfuric  acid.  Another 
consisted  of  sodium  selenite,  M'hich  reacts  alkaline.  To  nine  other  sele- 
nite solutions  were  added  sodium  hydroxid,  potassium  hydroxid  and  Ro- 
chelle  salts,  sodium  bicarbonate,  sodium  carbonate,  and  sodium  citrate, 
sodium  tetraborate,  sodium  silicate,  disodium  hydrogen  phosphate.  Eight 
reagents  were  acidified  by  the  addition  of  one  of  the  following :  potassium 
bisulfate,  sodium  dihydrogen  phosphate;  hydrochloric,  nitric,  sulfuric, 
phosphoric,  citric,  or  tartaric  acid.  When  these  reagents  were  heated 
none  reduced,  even  on  complete  evaporation,  except  the  one  containing 
citric  acid  and  the  one  containing  tartaric  acid.  These  two  reagents  also 
iloteriorated  after  standing  several  months.  Plxperiments  with  these 
reagents  were  carried  on  at  ^JT-S"^  C.  and  at  100°  0.  Solutions  (0.6 
per  cent)  of  araijinose,  rhamnose,  xylose,  glucose,  fructose,  galactose,  su- 
crose, maltose,  lac^tose,  glyirogen,  starch,  dextrin,  inulin,  raffinose,  mucic 
acid,  lactic  acid,  formic*  acid,  acetone  and  formaldehyde  were  used. 
Three  cubic  centimeters  of  the  solution  to  Ikj  tested  were  mixed  witli 
two"  cubic  centimeters  of  the  selenite  reagent  and  toluol  added.  The 
tiii)es  were  incubated  at  .ST. 5"  C,  and  examined  from  time  to  time. 
Controls  were  run  with  tlu>  Fehling  and  the  Feb  ling-Benedict  reagents. 

The  reagents  containing  sodium  hydroxid  and  potassium  hydroxid 
(selenite  ami  Fchling)  were  the  first  to  show  reduction  at  37.5°  C  The 
Fehling  reagent  reduced  more  quickly  than  the  Fehling-Benedict.  Gly- 
cogen, starch,  dextrin,  inulin  and  ratfinose  reduced  acidified  solutions  of 
sodium  selenite  only  at  the  eml  of  four  days.  Alkaline  solutions  were  not 
affected.  Formic  acid,  lactic  acid,  formaldehyde  reduced  in  acid  solutions 
only.  Acetone  profusely  reduced  acid  solutions,  and  very  faintly  reduced 
alkaline  solutions.     The  reagent  acid  with  nitric  showed  no  reduction, 
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except  in  the  case  of  acetone.  Neutralized  sodium  selenite  proves  to  be 
a  very  ineffective  indicator  for  reduction.  The  presence  of  sodium  tetra- 
borate inhibits  to  a  very  striking  extent  the  reduction  of  sodium  selenite. 

The  reagent  containing  2%  sodium  selenite,  10%  sodium  citrate  and 
10%  sodium  carbonate  has  been  tested  with  reducing  sugars.  Reduction 
with  this  reagent  takes  place,  at  100 ""  C,  in  one  minute  or  even  less.  At 
first  a  deep  chlorine-yellow  color  is  developed.  After  standing  a  minute 
or  two  this  color  gives  way  to  a  light  wine-red  tint,  then  to  a  dense  brick- 
red  precipitate,  which  fills  the  volume  of  the  tube.  A  0.02%  solution  of 
glucose  yields  fair  reduction,  and  in  a  0.01%  solution  the  reaction  is  still 
evident,  but  faint.  Solutions  to  be  tested  must  be  alkaline,  and  must  not 
contain  potassium  cyanid  or  oxidizing  agents  (free  halogen,  hydrogen 
peroxid,  potassium  permanganate,  potassium  bichromate).  Sugar-free 
urine  gives  a  positive  reaction  when  it  is  acidified  with  hydrochloric.  This 
positive  reaction  is  probably  due  to  acetone  substances  and  creatinin, 
which  decidedly  reduce  acidified  solutions  of  sodium  selenite.  Proteins, 
uric  acid  and  creatinin  do  not  interfere  with  the  alkaline  sodium  selenite 
reagent. 

Minute  amounts  of  selenium  in  the  form  of  selenite  ion  can  be  de- 
tected by  a  procedure  similar  to  that  of  the  Marsh  test  for  arsenic.  One 
milligram  of  selenium  dioxid  yields  a  characteristic  dull  red  selenium 
mirror,  soluble  in  oxidizing  agents. 

Reduction  of  Selenium  Compounds  in  the  Living  Organism 

PLANT   substances 

Plant  substances  (apple  pulp  and  potato  pulp)  bring  about  the  reduc- 
tion of  sodium  selenite  to  brick-red  selenium.  An  alkaline  reaction 
favors  the  reduction  process.  Boiled  material  induces  no  reduction  or 
very  faint  reduction. 

YEAST 

Yeast  reduces  selenious  acid,  selenic  acid  and  sodium  selenite.  The 
red  selenium  deposits  in  the  cell-body  so  that  only  the  cells  themselves 
are  pigmented,  while  the  liquid  above  remains  colorless.  The  cells  can 
be  decolorized  by  washing  with  potassium  cyanid. 

unboiled  milk 

Unboiled  milk  in  contact  with  a  few  drops  of  sodium  selenite  (room 
temperature)  will  show  reduction  within  one  to  three  days;  boiled  milk 
will  show  no  evidences  of  reduction.  Unboiled  milk  protected  with 
toluol  does  not  reduce  as  readily  as  milk  exposed  to  the  air. 
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ANIMAL  TISSUES 

Animal  tissues  also  reduce  sodium  selenitc.  Fresh  liver,  spleen,  heart, 
hint;,  kidney,  pancreas,  small  intestine,  large  intestine  and  stomach,  in- 
cubated in  the  presence  of  toluol  at  .'V7.»^°  reduce  a  0.5%  solution  of 
sodium  selenite  within  twenty-fcmr  hours.  The  liver  and  spleen  reduce 
very  quickly  and  most  profusely.  Portions  of  striped  muscle,  testicles, 
thyroid,  submaxillary  gland  and  lingual  glands  give  negative  results. 
Toluol-presened,  untiltered  extracts,  first  kept  at  room  temperature  for 
t wen tv- four  to  thirtv-six  hours  and  then  treated  with  sodium  selenite 
showed  reduction  within  twenty-four  hours,  only  in  the  case  of  liver, 
])ancieas  and  small  intestine.  This  result  indicates  that  the  reducing 
power  of  the  tissues  disappears  in  the  course  of  time.  That  the  reduc- 
tion is  due  to  cell  activitv  or  enzvme  activitv  is  evident  from  the  fact 
that  tissues  after  being  heated  on  a  water-bath  for  about  ten  minutes 
fail  to  yield  reduction.  Fresh  liver,  however,  heated  or  unheated,  re- 
duces sodium  selenite.  This  reaction  is  due  to  the  presence  of  chemically 
reducing  substances  such  as  carbohydrates.  Tissues  to  which  an  excess 
of  chloroform  lias  been  added  show  no  reducing  power.  Chloroform  itself 
does  not  inhibit  the  reduction  of  sodium  selenite  by  pure  sugar  solutions. 
Filtered  chloroform  extracts  also  do  not  reduce,  although  the  liver  extract 
was  found  to  reduce  on  the  first  or  second  day,  and  the  spleen  on  the 
third  or  fourth  day.  The  other  extracts  failed  to  show  reduction,  even 
after  two  weeks.  Reduction  is  probably  due  to  an  insoluble  enzyme  closely 
connected  with  the  living  cell,  that  is,  an  endo-enzyme.  Selenious  acid 
and  selenic  acid  are  also  reduced,  while  sodiuni  selenate  is  not  reduced. 

SELENIUM    COMPOUNDS   INJECTED   INTO   THE   ANIMAL   SYSTEM 

Selenium  compounds,  injected  into  the  animal  system,  undergo  re- 
duction. Some  of  the  selenium  escapes  from  the  organism  in  the  form 
of  a  volatile  organic  selenid,  some  is  precipitated,  mostly  extracellularly. 
in  the  tissues  as  dark  red-brown  granules.  The  liver  and  spleen  contain 
by  far  the  largest  amount  of  deposited  selenium.  The  microscopic  ex- 
amination of  the  histologically  stained  tissues  of  a  dog  that  had  receive<l 
2  mg.  selenium  dioxid  per  kilo,  of  body  weigbt,  n^vealed  the  presence  of 
selenium  in  these  two  organs.  With  sodium  selenite,  selenium  was  found 
widely  distributed  in  the  liver,  spleen,  kidney,  lung,  pancreas,  heart, 
stomach  and  intestine.  These  tissues  showed  marked  reductions  within 
the  regions  of  hemorrhagic  clots.  Other  tissues  showed  reduction  only 
within  such  areas.  A  lethal  dose  of  selenic  acid  l)rought  about  deposition 
of  the  granules  in  the  spleen  and  liver.  The  lungs,  which  were  found 
lo  be  extremely  congested,  also  showed  reduction.     Selenium  pigraenta- 
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tion  with  potassium  selenate  was  slight  in  comparison  with  that  produced 
with  sodium  selenite  and  but  few  granules  were  found  scattered  in  tlie 
spleen,  pancreas  and  liver.  In  the  case  of  potassium  selcnocyanate,  re- 
duced selenium  was  found  in  the  liver,  spleen,  lung,  kidney,  pancreas, 
heart,  brain  (only  in  hemorrhagic  spots),  musi^le  (only  in  similar  spots) 
and  stomach. 

The  reduction  of  selenium  compounds  seems  to  be  a  detoxicating 
process,  since  selenium  itself  is  hardly  poisonous.  It  seems  evident  that 
while  sulfur  compounds,  such  as  sodium  sullite,  are  oxidized  in  the  body 
to  sulfate,  the  corresponding  selenium  compounds,  such  as  sodium  sele- 
nite, suffer  reduction. 

LIVING  BACTERIA 

Laving  bacteria  bring  about  the  reduction  of  selcnious  acid,  selenic 
acid  and  sodium  selenite.  The  precipitated  selenium  follows  the  path 
of  bacterial  growth.  Granules  of  selenium  can  be  observed  under  the 
microscope  within  the  bacterial  cell.  The  medium  used  should  not  con- 
tain reducing  chemical  substances,  such  as  glucose  or  lactose.  Sodium 
selenate  is  not  reduced.  Due  to  decomposition  induced  ))y  acids,  selenium 
may  be  also  deposited  from  potassium  selenocyanate.  Tliis  happens  to 
be  the  case  with  B,  colt. 

Reduction  is  proportional  to  the  intensity  of  growth.  Selenious  acid, 
selenic  acid  and,  less  markedly,  sodium  selenite  do  not  favor  growth. 
The  amount  of  retardation  depends  upon  the  nature  of  the  organism. 
Streptococcus  pyogenes  was  found  to  be  more  sensitive  than  Bacillus  coli. 
The  bacilli  of  symptomatic  anthrax,  edema,  and  tetanus  are  retarded  very 
markedly  in  growth.  Sodium  selenate  and  potassium  selenocyanate  do 
not  retard  growth. 

Selenium  dioxid  or  sodium  selenite  cannot  be  used  as  a  differential 
test  between  aerobic  and  anaBrobic  organisms,  since  the  latter  class  also 
bring  about  reduction.  There  seems  to  be  no  specific  relationship  be- 
tween selenium  reduction  and  hydrogen  sulfid  jiroduction  as  Gloger 
maintained,  since  micro-organisms,  such  as  B.  acidi  laciici,  B,  dipth- 
therice,  B.  pseudo-diphtherice,  B,  tuberculosis  that  produce  no  hydrogen 
sulfid  or  only  traces,  were  capable  of  reducing  selenium  dioxid  or  sodium 
selenite. 

For  practical  purposes  selenium  dioxid  or  sodium  selenite  in  concen- 
trations of  1 :50,000  or  1 :25,000  can  be  used  to  demonstrate  bacterial 
reduction.  This  phenomenon  can  also  serve  as  a  qualitative  test  for  the 
selenite  ion,  even  if  the  selenious  acid  or  the  sodium  selenite  is  present 
in  culture  media  in  such  small  concentrations  as  1 :100,000. 
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Kffkct  of  Sklkniitm  Compounds  upon  Catalase  and  Otiikh 

Enzymes 

catalase 

The  compounds  of  selenium  employed  in  enzyme  investigations  were 
fcielenium  dioxid  (selenious  acid),  selenic  acid,  sodium  selenite,  sodium 
selenate  and  potassium  selenocyanate.  The  efFect  upon  catalase  was 
determined  as  follows:  Healthy,  normal  dogs  were  bled  to  death  from 
the  femoral  artcn%  using  cocaine  as  a  local  anesthetic.  Weighed 
amounts  of  defibrinated  blood  and  tissues  were  ground  with  sand  and 
mortar,  treated  with  40  c.  c.  distilled  water  and  10  c.  c.  chloroform  and 
permitted  to  extract  twenty-four  hours.  These  served  as  controls.  Equal 
amounts  of  blood  and  tissue  were  treated  in  the  same  manner,  except  that 
the  distilled  water  was  substituted  by  a  1/20%  solution  of  selenium  acid 
or  a  1/10%  solution  of  a  selenium  salt.  After  the  extraction  period  a 
definite  volume  of  tlie  filtrate  was  treated  with  5  c.  c.  Oakland  dioxygen 
and  the  catalytic  ])owers  of  the  filtrate  as  measured  by  the  volume  of 
oxygen  evolved,  detenu ined  for  every  thirty  seconds.  'I'he  liver,  kidney 
and  blood  showed  the  greatest  catalytic  activity. 

The  compounds  of  selenium  investigated  had  a  marked  inhibitory 
oiTect  on  cat^ilvtir  attivitv.  Thus  ten  crrams  defibrinated  blood  evolved 
52  c.  c.  oxygen  in  7  minutes,  another  sample  of  the  same  ])lood  treated 
with  0.05%  selenium  dioxid  evolved  40.8  c.  c.  in  21  minutes,  a  third 
sample  of  the  blood  treated  with  0.05%  selenic  acid  evolved  52.(5  c.  c.  in 
14  minutes. 

Blood  from  another  dog  yielded  44.8  c.  c.  in  0  minute.**,  another  sample 
oi  the  same  blood  treated  with  0.1%  potassium  selenocyanate  evolved 
*{7.7  c.  c.  in  22  minutes.  Control  liver  extract  vielded  52.7  c.  c.  in  2 
minutes :  selenited  liver  extract  vielded  50.2  c.  c.  in  8.5  minutes ;  selenated 
liver  extract,  49  c.  c.  in  4  minutes.  Another  control  liver  gave  45.5  c.  c. 
in  5.5  minutes,  while  another  sample  of  the  liver  treated  with  potassium 
soh?nocyanate  yielded  41.7  c.  c.  in  13.5  minutes.  Generally  speaking, 
the  blood,  liver,  kidney,  lung  and  spleen  showed  marked  decrease  in 
catalytic  activity,  the  decrease  sometimes  being  as  much  as  60%  or  over. 
Compared  on  the  basis  of  equipercentages,  it  was  found  that  selenium 
dioxid  was  more  harmful  than  selenic  acid,  and  that  sodium  selenite 
produced  greater  inhibition  than  sodium  selenate.  It  is  interesting  to 
note,  however,  that  colloidal  selenium  (prepared  by  the  reduction  of 
sodium  selenite  by  glucose)  brought  about  a  slight  acceleration  in  catalase 
activity. 
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Tissues  of  dogs  killed  with  selenious  acid,  with  selenic  acid  or  with 
potassium  selenocyanate  showed  no  reduction  in  catalase  values.  This 
fact  points  to  the  decomposition  of  the  selenium  compounds  injected, 
with  the  formation  of  substances  that  had  no  inhibiting  effect  on  catalaae 
Action. 

SALIVARY   AMYLASE 

The  influence  on  salivary  amylase  was  determined  by  Wohlgemuth's 
method.  Small  amounts  of  sodium  selenite  (neutralized)  and  sodium 
selenate  (0.05%  to  0.1%)  had  a  slight  effect  on  ptyalin.  In  the  presence 
of  0.05%  sodium  selenite  and,  more  markedly,  in  the  presence  of  0.05% 
sodium  selenate  the  activity  of  the  amylase  seemed  slightly  increased. 

The  presence  of  potassium  selenocyanate  in  the  saliva  or  in  the  urine 
interferes  with  the  Fchling-Benedict  reduction  test. 

PEPSIN 

The  results  obtained  with  pepsin  showed  that  selenious  or  selenic  acid 
could  replace  the  hydrochloric  acid  of  the  gastric  juice.  Selenious  acid 
wa.s  slightly  inhibitive,  while  selenic  acid  resembled  sulfuric  acid  in  the 
marked  inhibition  which  it  shows  towards  proteolysis.  Sodium  selenite 
(neutralized)  and  sodium  selenate  (0.01%  to  0.2%)  had  little  or  no 
effect  on  peptic  activity.  Uiglier  concentrations  produced  inhibition, 
this  being  more  marked  wiiii  sodium  selenite  than  with  sodium  selenate. 
T^otassium  seleno(\yanate,  even  in  minute  amounb^,  inhibits  digestion,  this 
probably  being  due,  in  part,  to  the  mechanical  interference  of  the  brick- 
red  precipitated  seleni\im,  which  com|)letely  covered  the  fibrin,  or  pos- 
sibly to  the  presence  of  the  compound  that  result*^  from  the  acid  deco*  s 
position  of  potassium  selenocyanate. 

TRYPSIN 

Slight  amounts  of  sodium  selenate  and  potassium  selenocyanate  had 
no  effect  on  tryptic  activity.  Xeutralized  sodium  selenite  inhibited  even 
in  small  quantities. 

RENNIN 

Sodium  selenate  and  potassium  selenocyanate  (0.05% -0.5%)  had  no 
influence  on  rennin.  Coairulation  was  retarded  bv  concentrations  of 
neutralized  sodium  selenite*  above  ?%.  Sodium  selenite  and  sodium 
selenate  bad  but  a  slight  effect  on  the  souring  of  milk.  Potassium  seleno- 
cyanate showed  an  inhibitory-  effect,  the  amount  of  inhibition  being 
directly  proportional  to  the  concentration  of  the  salt. 
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PANCREATIC  LIPASE 

Sodium  selenate  and  potassium  selenocyanate  had  no  effect  on  pan- 
creiatic  lipase.  Sodiujm  selenite  had  a  slight  inhibitory  effect,  which  was 
proportional  to  the  concentration.  Experiments  carried  on  with  selenium 
dioxid  and  with  selcnic  acid  showed  a  marked  increase  in  acid  content. 
The  high  results  can  be  attributed  to  the  hydrolytic  stimulation  of  these 
selenium  acids. 

ALCOHOLIC  FERMENTATION' 

Selenium  dioxid  in  concentrations  of  0.5%  had  marked  inhibitory  ac- 
tion on  alcoholic  fermentation.  In  a  2.5%  solution  fermentation  occurred, 
but  was  8up])roPsod  entirely  in  a  3%  solution.  Sodium  selenite  (alkaline) 
inhibited  the  evolution  of  carbon  dioxid.  Selenic  acid,  even  in  a  con- 
centration of  0.04%  exercised  an  inhibitory  influence  over  zA'mase.  Ver}' 
little  carbon  dioxid  was  evolved  with  a  0.2%  solution,  while  solutions 
containing  0.5%?  or  over  gave  no  evidence  of  carbon  dioxid  formation. 
Sodium  selenate  accelerated  alcoholic  fermentation.  The  effect  produced 
by  potassium  selenocyanate  se(*mod  to  l)e  variable,  although,  in  general, 
the  inhibition  produced  by  concentrations  lower  than  2.5%  was  slight. 

Toxic  Effects  of  Selenium  Compounds 

Selenium  compounds  are  toxic  to  both  plants  and  animals.  Even  con- 
centrations of  0.01%  inhibit  germination  and  growth.  Sodium  selenate 
is  the  least  toxic  of  the  compounds  investigated.  Beginning  with  the 
most  poisonous  the  sequence  of  toxicity  for  animals  is  hydrogen  selenid, 
sf  iious  acid,  selenic  acid,  sodium  hydrogen  selenite,  sodium  selenite, 
potassium  selenocyanate,  sodium  selenate  and  free  selenium.  Potassium 
selenocyanate  is  more  toxic  than  the  corresponding  potassium  sulfo- 
cvanate. 

Tn  very  minute  doses  selenium  compounds  have  no  effect  on  blood 
pressure.  In  comparatively  larger  doses  a  marked  fall  in  blood  pressure 
is  observed  in  the  case  of  selenious  acid,  selenic  acid,  normal  sodium 
selenite,  sodium  hydrogen  selenite  and  sodium  selenate,  although  with 
potassium  selenocyanate  a  considerable  rise  in  blood  pressure  is  induced. 

Selenium  compounds,  even  in  small  doses,  have  a  marked  effect  on 
respiration.  Breathing  becomes  prolonged,  deep  and  labored,  and  as  the 
dose  is  increased  respiratory  paralysis  sets  in  even  before  the  heart  stops. 
Pulmonary  edema,  accompanied  by  exudation  of  large  volumes  of  yellow- 
ish fluid,  precedes  death  in  the  case  of  selenious  acid,  sodium  hydrogen 
selenite,  sodium  selenite  and  selenic  acid. 
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The  characteristic  odor  of  a  volatile  selenium  compound  (methyl 
selenid  ?)  is  scented  in  the  animal's  breath  almost  immediately  after 
intravenous  injection  and  about  ten  or  fifteen  minutes  after  subcutaneous 
injection.  In  one  case,  where  the  dose  was  five  times  the  lethal  dose, 
the  odor  was  not  evident.  Another  characteristic  effect  of  selenium 
poisoning  is  the  withdrawal  of  free  hydrochloric  acid  from  the  stomach. 

To  account  for  the  toxicity  of  the  selenates  we  put  forth  the  proposition 
that  the  selenates  are  reduced  to  selenite  and  finally  to  free  selenium. 
To  explain  the  toxic  properties  of  sodium  arsenate,  Binz  and  Schulz 
claim  that  the  arsenate  is  reduced  in  the  animal  body  to  the  more  toxic 
arsenite. 

The  selenium  compounds  investigated  do  not  precipitate  proteins  from 
their  solutions. 

The  author  gratefully  acknowledges  his  indebtedness  to  Professor 
William  J.  Gies  for  kind  assistance,  valuable  suggestions  and  helpful 
criticisnL 
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PLATE  V 

ILLUSTBATIONH   OF  RIOL<»GICAL   KEDUCTION8   OF   8ELKN1UM    COMPOUNDS 

Fig.  1. — B.  coli  grown  on  a  sodium  selenite  culture  medium.  The  colonies 
appear  atn  red  spots. 

Fig.  2. — Another  culture  of  B.  roli  grown  on  a  slant. 

Fig.  3. — Section  of  the  liver  of  a  dog  that  had  been  suboutaneously  treated 
with  2  mg.  selenium  dioxid  per  kilo  of  body  weight  The  chocolate 
red  granules  represent  deposited  selenium. 

Fig.  4. — Stab  culture  of  streptococcus  pyogenes. 


Annals  N.  Y.  Acad.  Sci. 


VoLi'ME  XXVI,   Plate  V 


MKV.  of  MICH. 

ANNALS  OF  THE  NEw'^SSK'XcADEMY  OF  SCIENCES 

Vol.  XXVI.  pp.  395-486 


Editor,  Eduukd  Otis  Hovey 


REC.ORD.S  OF  Ml'KTINCJS 


.MEMBERSHIP  IN  1915 


NEW    YOKK  .AC  ADEMY  OK  .SCIENCES 

WITH   INDHX    lO  VOI.UMK  .WVl 


NEW  YOUK 

I'UBI.ISIIKII  nv  TIIH  .\CAIIK.MV 

IS  M.U-,  liiWi 


THE  NEW  YORK  ACADEMY  OP  SCIENCES 
(Lyceum  of  Natural  History,  1817-1876) 


Officers^  1916 


President — Qeohok  Frkdi:uic;k  Kunz,  601  West  110th  Street 
Vice-Presidents— Cnwii Aii^  I*.  Hkkkky,  Kaymoxd  C.  Osburx, 

(■jiAki.Ks  J5aski:uvillk,  Clark  Wisslkr 
Corresponding  Nf/v/f////     IIkvky  K.  Cuami'Ton.  American  Museum 
Recordintj  Seirv'anj     I'Idam  ni>  Diis  IIcivly.  Ameru-an  Museum 
Treasurer — JIknhy  J.  ('(hmikan.  ;58ll  Fifth  Avenue 
Librarian  —Ww.vw  W.  Towkr,  Aniorican  Museum 
Editor — ItlDMUND  Otls  Hovey,  American  Museum 

SKcTiox  or  uijo/jjiiy  am)  mixkralogy 

Chairman- Cuwii.v.s  V.  Hi.uki:y,  (.'olnml'ia  Universitv 
Secretary — I).  W.  JoiiNsox,  Columbia  University 

SPJCTIOX  OF  RIO  LOGY 

Chair    >in    -1i\vm<»\ii  r.  Osiu  kn.  5.");   \\\-si  llMtli  Street 
Serrctari/     \Vii.i.i.\.\r  K.  (Juni«)i;Y,  Aiiu'ri»ari  Museum 

SECTIOX  OF  ASTROXOMV.  P/fYSfCS  AX/)  CHEMISTRY 

ChairntiiN     Cii  \i:i  i-'   1»\-Kn;\  ii.i  i\  ('«>!li".r«*  <»r  tlic  Citv  uf  \ew  York 
Serrefnrfi    -V.wsiriV  V..  Smith.  Th)  V.-a<[  11^;  Str.'Ot 

.^ECTJOX  OF  AXTJfHoruI.oGV  AXP  PSYCHOLOGY 
Chairman— Ci.MiK  Wis.-i.kr.  American  Mus:»nim 

■ 

Serrelary']Ui\'.\.iiv  II.  Lnwu:.  American  Museum 


The  .-e.-sinii:i  (if  ii.r-  .\. .»  I'-rT.-  rsrc  liclil  f»n  Monday  evenin<]:s  at  8:16 
oM.=(k  \V'''\i\  O.  i'.'-.r!-  I.)  \\,,'\  iiM  i.:>i\.',  i','-  [\\o.  American  ^fuseum  of 
Natural  JIi.-t<)i\,  i^ih  SiimI.  aJi-.i  I'rntral  i'ark,  West. 
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RECORDS  OF  MEETINGS 

OF  THE 

NEW  YORK  ACADEMY  OF  SCIENCES 

January  to  December,  1916 

By  Henry  E.  Crampton,  Acting  Recording  Secretary 


BUSINESS  MEETING 
4  January,  1915 

The  Academv  met  at  8:23  p.  m.  at  the  American  Museum  of  Natural 
History,  President  George  F.  Kunz  presiding. 

The  minutes  of  the  last  business  meeting  were  read  and  approved. 

The  following  candidates  for  membership  in  the  Academy,  recom- 
mended by  Council,  were  duly  elected: 

Active  Membership 

Mrs.  M.  Archer-Shee,  Ashurst  Lodge,  Sunninghill,  Berkshire,  Eng- 
land, 
George  W.  Brackenridge,  San  Antonio,  Texas, 
A.  Clayburgh,  35  Thomas  Street, 
Raymond  L.  Ditmars,  New  York  Zoological  Park, 
Mrs.  E.  C.  T.  Miller,  3738  Euclid  Ave.,  Cleveland,  Ohio, 
Barrington  Moore,  40  East  83rd  Street, 
Elam  Ward  Olney,  Convent,  New  Jersey, 
Max  W.  Stohr,  136  Pennington  Avenue,  Passaic,  N.  J., 
Stephen  Dows  Thaw,  Morewood  Place,  Pittsburgh,  Pa., 
Walter  Harvey  Weed,  29  Broadway, 
Arthur  L.  Wessell,  457  West  45th  Street. 

The  Recording  Secretary  reported  the  following  deaths : 

Mrs.  P.  Hackley  Barhydt,  Life  Member  of  the  Academy  since  1907, 
died  6  March,  1914, 

Miss  Grace  H.  Dodge,  Life  Member  of  the  Academy  since  1907,  died 
27  December,  1914, 

(896) 
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R.  A.  Canfield,  Arlivt!  MeiiilKir  of  the  Academy  since  1905,  died  11 
Dcceml)or,  lin4. 

The  Ki.Monliiig  Secrcliirv  <rave  a  brief  summary  of  the  report  of  progress 
made  bv  Professor  N.  \j.  Britton.  Chairman  of  the  Porto  Rico  Committee, 
to  His  Excellency,  Governor  Arthur  Yager  of  the  Island  of  Porto  Rico, 
showing  that  highly  satisfactory  work  had  b<?on  done  during  tlie  year  1J>14 
in  reconnaissance  and  also  in  intons>ivo  work  in  geology  and  several 
branches  of  zoology  as  well  as  through  the  continuance  of  the  l)otanical 
studies  wliich  have  been  carried  on  for  several  vears  bv  ihe  Xew  York 
Botanical  Garden. 

The  Academy  tlien  adjourned. 

Edml'nd  Otis  Hovey, 

Rerordlng  Secreian/, 

SECTION  OF  GEOLOGY  AXD  ^[IXERALOGY 

4  Janl'ary,  VMo 

Section  met  at  S:'M)  \\  m.,  Vice-President  Charles  P.  Herkoy  presiding. 
The  following  programme  was  offered: 

E.  0.  Hovey,  Wm  Skookim.  M\\  Edith  and  Otiikii  Xkw  Ac- 

cKssioxs  TO  TiiK  Mktkokiti:  Com.kction  of 
TUK  Amkkic.vx  MrNi:i:M. 

James  F.Kemp,  Okkjin  of  thi:  ^I.vyoiii  Ikon  Okks  of  Ciba. 

Charles  P.  Berkey,       Noti:s  ok  tih:  Gi:oi.ot;ir  Stimc  tiki-:  of  Poiito 

Kiro. 

Francis  M.  VanTuyl,  S<>.mi:  Ni:\v  Pjmnts  on  thi:  Okdjin  of  Dolomite. 

The  Section  then  adjourned. 

A.  B.  Pacixi, 

Secretanf. 

SECT] OX  OF  BIOLOGY 
11  January,  r.»15 

TTnder  the  au?pieo.s  of  the  Section  of  Biolog}*,  a  general  meeting  of  the 
Academy  and  its  Afliliated  S(K?ieties  was  held  in  the  main  lecture  hall  at 
the  American  Museum  of  Natural  ITistorv  at  8:15  P.  M.  President 
George  F.  Kuiiz  pre!>i<iiiig. 

The  following  programme  was  then  olTere»l: 

J.  C.  Bose,  Plant  Autographs  and  Their  T^evelatioxs. 
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Summary  of  Paper 

Professor  Bose,  of  Presidoucy  College,  Calcutta,  described  and  ex- 
liihitcd  the  apparatus  devised  bv  him  for  recording  the  reactions  of  plants 
to  physical  and  chemical  stimuli.  The  movements  of  the  leaves  and 
stems  in  resj)onse  to  stimuli  are  magnified  by  appropriate  levers  and  elec- 
trical devices  and  are  recorded  as  undulations  upon  a  revolving  cylinder. 
Records  of  the  physiological  reactions  called  sleep,  fatigue,  shock,  recovery 
from  shock  and  death  were  exhibited,  as  well  as  reactions  to  sunlight  and 
other  stimuli.  Several  of  these  processes  were  also  demonstrated  upon 
living  plants. 

After  the  lecture  the  speaker  was  the  guest  of  honor  at  a  reception 
given  by  the  Academy,  under  the  auspices  of  the  Section  of  Biolog]^'. 

William  K.  Gregory, 

Secretary, 

SP]CTIOX  OF  AXTHROPOLOGY  AND  PSYCHOLOGY 

25  January,  1915 

The  Section  met  in  conjunction  with  the  American  Ethnological  So- 
ciety, with  Professor  Franz  Boas  in  the  chair.  The  following  programme 
was  then  offered : 

John  W.  Chapman,  The    Medicine-mkn    of    Anvik,    Alaska,    axd 

A'iCIXITY. 

Rev.  Chapman,  after  sketching  his  personal  observations  of  sham  a  n- 
istic  practices,  described  some  of  the  fundamental  native  theories  under- 
lying them.  On(»  method  of  foretelling  the  future  is  to  go  to  the  moon, 
where  the  shanwn  meets  his  informants;  another  is  to  look  into  the 
bottom  of  wooden  bowls  and  there  see,  as  in  a  vision,  what  is  to  come  to 
])ass.  I'he  shamans  enjoy  a  privileged  position  in  native  society.  They 
pretend  to  ward  off  danger  from  individuals  and  exact  high  fees  in  re- 
turn. The  office  is  not  hereditarv,  but  seems  based  on  the  conviction 
becoming  established  that  a  certain  man  possesses  extraordinary  powers. 
The  intellectual  atmosphere  in  which  such  a  belief  may  thrive  is  char- 
acterized by  certain  striking  features.  Honors  and  mortuary  gifts  are 
regularly  paid  to  the  deceased.  It  was  formerly  the  custom  to  remove  a 
corpse  from  tlie  house  through  the  smoke-hole  rather  than  the  usual  exit. 
There  were  a  number  of  feasts,  some  of  a  purely  social  potlatch  type, 
others  of  a  ceremonial  character.  One  of  these  is  noted  for  its  panto- 
mimic exhibitions.    There  is  a  belief  in  the  survival  of  the  soul  after 
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death,  special  conditions  being  assigned  to  suicides  and  those  who  die  by 
violence. 

The  lecture  gave  rise  to  many  questions  and  comments  by  Drs.  Boas, 
Groddard,  Lowie,  and  Hatt.  Dr.  Hatt  called  attention  to  certain  inter- 
esting similarities  between  Anvik  and  Lapp  beliefs  and  customs. 

BoBERT  H.  Lowie, 

Secretan/, 

• 

BUSINESS  MEETING 
1  February,  1915 

The  Academv  met  at  5:30  p.  m.  at  the  American  Museum  of  Natural 
History,  President  George  F.  Kunz  presiding. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  following  candidates  for  membership  in  the  Academy,  recom- 
mended by  Council,  were  duly  elected : 

Active  Membership 

Charies  E.  Slocum,  218  13th  Street,  Toledo,  Ohio, 

Henry  J.  Cochran,  389  Fifth  Avenue, 

Mrs.  Rebecca  McM.  Colfelt,  925  Chestnut  Street,  Philadelphia,  Pa., 

Marion  Eppley,  Princeton,  N.  J., 

Mrs.  Catherine  K.  Blake,  138  East  37th  Street, 

Joseph  A.  Blake,  Jr.,  357  Yale  Station,  New  Haven,  Conn., 

James  R.  Steers,  1  West  70th  Street. 

The  Recording  Secretary  reported  the  following  deaths: 

J.  E.  Parsons,  Active  Member  of  the  Academy  since  1896,  died  16 
Januar}',  1915, 

Mrs.  M.  A.  P.  Draper,  Active  Member  of  the  Academy  since  1898,  died 
8  December,  1914. 

The  Academy  then  adjourned. 

Edmund  Otis  Hovey, 

Recording  Secretary, 

SECTION  OF  GEOLOGY  AND  MINERALOGY 

1  February,  1915 

Section  met  at  8:30  p.  m.,  Vice-President  Charles  P.  Berkey  presiding. 
The  following:  programme  was  oflTered : 
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Lawrence  Martin,  Alaskan  Mountains  and  Glacikks  in  Uklation 

TO  lUiLWAY  Routes. 

The  Section  then  adjourned. 

A.  B.  Pacini, 

Secret  a  nj. 

SECTION  OF  BIOLOGY 

8  February,  1915 

Section  met  at  8:15  p.  m.,  Vice-President  Raymond  C.  Osburn  presid- 
ing. 

The  following  programme  was  then  offered : 

O.  S.  Hnntingfton,  Some  FrHTiiEii  Considerations  upon  the  Struc- 
ture OF  THE  Vertebrate  Lung. 

H.  von  W.  Schulte,  Some  Ontogenetic  Variants  of  the  Human 

Kidney. 

Alfred  J.Brown,      Phylogenetic  Relations  of  the  Pelvic  Girdle 

IN  Mammals. 

Summary  of  Papers 

Professor  Huntington,  continuing  the  report  made  during  tlie  previous 
year  upon  the  collection  of  preparations  of  the  hings  of  vertebrates,  in  the 
Morphological  I^aboratory  of  the  College  of  Physicians  and  Surgeons, 
illustrated  many  types  of  vertebrate  lungs,  especially  among  the  reptiles 
and  mammals,  and  said  in  abstract : 

It  is,  of  course,  not  only  unnecessary,  but  quite  inadmissible,  to  suppose 
that  extant  reptilian  types,  if  sufticiently  determined,  would  yield  an 
unbroken  and  closely  graded  series  of  pulmonary  types  leading  directly 
to  the  mammalian  lung.  All  our  evidence,  comparative  and  ontogenetic, 
speaks  to  the  contrary,  and  suggests  that  the  pro-mammalian  lung  de- 
bouched from  a  reptilian  type  corresponding  about  to  the  simpler  lacer- 
tilian  lunir  of  to-dav,  or  at  most  advanced  to  the  sta«^e  found  in  the  more 
primitive  modern  paludal  and  littoral  chelonians.  Such  an  archeal  lung 
presented  the  central  pulmonary  cavuin  still  continuously  lined  by  respi- 
ratory epithelium,  before  the  introduction  of  the  intrapulmonary  bron- 
chial system.  The  more  complicated  and  highly  organized  lungs  of  the 
marine  chelonians  and  of  the  Crocodilia  are  adaptations  along  the  line 
of  continued  reptilian  d(»velopment,  beyon<l  the  point  of  the  mammalian 
derivation. 
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The  hypothetical  common  pro-mammalian  ground-plan  of  bronchial 
architecture,  from  which  all  extant  types  are  derived  by  modifications, 
either  in  the  direction  of  furtlier  expansion  or  reduction,  does  not  exist 
in  the  commonly  assumed  form  of  a  concrete,  fixed  morphological  entity. 
The  primitive  pro-mammalian  entodermal  lung-tube,  on  the  contrary, 
must,  like  its  lacertilian  prototype,  have  possessed  the  power  of  selective 
development  of  broncliial  buds  from  any  point  of  its  epithelial  surface. 

The  characters  and  type  of  such  selections  have  Ikhmi  determiiicMl  hy 
environmental  adaptations  in  the  widest  sense.  They  must  have  from 
the  beginning  represented  the  reaction  of  the  milieu  on  pulmonary  or- 
ganization, and  hence  it  is  quite  possible  that  we  are  dealing  with  a 
polyphyletic  ancestry  of  the  modern  mammalian  lung. 

The  extant  ordinal  types  are  the  result  of  the  transmission  of  selective 
patterns  by  inheritance  to  the  modern  descendant*.  All  our  evidence 
goes  to  show  that  the  primitive  lung  form  has,  in  certain  groups,  during 
the  progress  of  evolutionary  descent,  undergone  modifications-^some- 
times  of  wide  import — in  direct  response  to  changes  in  the  environmental 
adaptations  of  the  organism  as  a  whole.  The  possibility  for  the  develop- 
ment of  these  secondary  adaptive  modifications  lies  in  the  continued  mor- 
pliogenetic  plasticity  of  the  Imig  tube — and  in  its  potential  capacity  of 
developing  additional  or  atypical  points  of  epithelial  activity. 

The  individual  variants  within  a  species — both  secondary  and  cardi- 
nal— demonstrate  the  possession  of  this  capacity  conclusively.  Mam- 
malian ontogeny  strongly  confirms  this  view,  which  affords  likewise  the 
only  key  for  the  interpretation  of  the  complicated  ordinal  divergence  of 
branchial  types. 

Professor  Schulte  illustrated  a  number  of  ontogenetic  variants  of  the 
human  kidney,  such  as  deranged  position,  including  inversion,  of  one 
kidney  and  its  vessels,  adhesion  or  partial  fusion  of  both  kidneys,  com- 
plete union  of  the  opposite  kidneys  into  a  single  organ,  varying  degrees 
of  atrophy  of  one  kidney. 

These  abnormal  conditions  are  made  more  intelligible  by  the  ontoge- 
netic history  of  the  kidneys,  the  opposite  kidneys  arising  in  a  very  re- 
stricted space  and  migrating  thence  along  divergent  paths  to  their  defini- 
tive positions.  When  the  normal  course  of  development  is  disturbed,  the 
two  closely  appressed  glands  may  adhere  or  more  or  less  completely  unite ; 
in  the  subsequent  displacement,  or  migration  of  the  kidneys,  one  or  the 
other  is  thus  dragged  out  of  its  normal  course  and  assumes  irregular  posi- 
tions with  reference  to  its  fellow. 

Doctor  Brown  illustrated  eertain  abnormal  conditions  in  the  dorsal 
and  lumbar  regions  of  the  vertebral  column,  characterized  by  asymmetri- 
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cal  development  of  the  free  ribs,  or  of  the  vertebrae,  or  by  the  presence  of 
supernumerary  elements.  Such  abnormalities,  he  believed,  may  well  be 
an  expression  of  a  general  process  of  reduction  in  the  number  of  the  ribs 
and  lumbar  vertebrae,  correlated  with  the  upright  pose  in  sitting  and 
walking. 

The  speaker  illustrated  this  hypothesis  by  means  of  a  series  of  Primate 
skeletons,  beginning  with  the  tailed  quadrupedal  monkeys  and  culminat- 
ing in  the  anthropoid  apes  and  man. 

The  Section  then  adjourned. 

William  K.  Gregory, 

Secretary, 

SECTION  OF  ASTHOXOMY,  PHYSICS  AXD  CHKMTSTIJV 

15  February,  1915 

• 

Section  met  at  8:15  p.  m.,  Vice-President  Charles  Baskerville  presid- 
ing. 

The  minutes  of  the  last  meeting  of  the  Section  were  read  and  approved. 
The  following  programme  was  then  offered : 

A.  B.  Rose,      Phosphorus  Compounds  in  Relation  to  Animal  and 

Plant  Life. 

LS.  Kleiner,  On  the  Greater  Retention  of  Glucose  Injected  In- 
travenously into  Depancreatizkd  Animals  and  its 
Rklatiox  to  Pancreatic  Diabetes. 

Summary  of  Paper 

Dr.  Bose  said  in  al)stract:  The  phosphorus  compounds  derived  by  the 
substitution  of  the  H  ions  of  phosphoric  acid  may  ])e  classified  into  two 
general  groups,  one,  termed  inorganic  phosphorus,  consisting  of  com- 
pounds in  which  the  H  ion  has  been  replaced  wholly  or  in  part  by  metals ;  . 
the  other,  organic  phosphorus,  in  which  one  or  more  of  the  H  ions  have 
given  way  to  organic  radicals.  In  general,  only  inorganic  phosphorus  is 
available  to  plants,  and  hence  all  of  these  forms  are  not  equally  suitable 
to  their  nutrition.  The  soil  from  which  the  plant  draws  its  food  is  rich 
in  both  organic  and  inorganic  phosphorus.  There  are  agencies  present 
tending  to  change  all  fonns  into  suitable  nutrients.  Within  the  plants 
the  inorganic  compounds  are  c()m})ined  with  more  or  less  complicated 
organic  substances,  giving  us  the  various  forms  of  organic  phosphorus 
with  which  we  have  to  deal. 

These  constitute  in  large  part  the  phosphorus  nutrients  of  the  animal 
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world,  from  which  they  pass  almost  wholly  as  inorganic  phosphates  and 
therefore  suitable  as  plant  food.  The  question  of  utility  of  the  inorganic 
phosphorus  in  the  animal  economy  is  still  a  very  much  debated  point. 
The  organic  phosphorus  compoimds  synthesized  by  the  plants  may  be 
divided  into  three  general  groups  between  which  there  are  no  sharp  lines 
of  demarcation :  the  phosphorus  combined  with  protein ;  the  phosphoms 
combined  with  fat-like  substances;  and  the  phosphorus  otherwise  com- 
bined, among  which  is  a  subdivision  designated  as  phytophosphates.  This 
subdivision  is  to  us  at  the  present  time  the  most  interesting.  The  phyto- 
phosphates occur  in  all  plants  and  in  most  cases  account  for  the  major 
portion  of  the  total  phosphorus.  They  are  obtained  by  extraction  with 
acidulated  water  and  then  precipitating  with  alcohol  or  the  heavy  metals. 
The  most  prominent  member  of  the  group  is  thought  to  be  a  hexaphos- 
phoric  acid  ester  of  inositol  and  is  sold  in  the  drug  trade  with  absurd 
claims  of  therapeutic  properties  under  the  name  of  "Phytin."  The  con- 
stitution of  this  (or  possibly  these)  substance  (or  substances)  is  not  defi- 
nitely established,  but  many  of  its  properties  have  been  agreed  to  by  the 
several  workers  in  this  field.  Because  of  its  being  a  relatively  large  pro- 
portion of  the  phosphorus  that  enters  the  nutrition  of  man  and  beast  it 
is  considered  as  a  very  important  substance.  Its  study  in  the  growing 
plants  justifies  us  in  concluding  that  it  plays  a  significant  role  in  the 
growth  of  plants.  It  is  also  suspected  that  it  enters  specifically  into  the 
enzym  actions  and  is  a  stepping  stone  in  the  synthesis  of  the  more  com- 
plex substances  both  free  of  and  containing  phosphorus. 
The  Section  then  adjourned. 

E.  E.  Smith, 

Secretary, 

SECTION  OF  ANTHROPOLOGY  AND  PSYnHOLOGY 

22  February,  1915 

Section  met  in  conjunction  with  the  Xew  York  Brancli  of  the  Ameri- 
can Psychological  Association  at  Columbia  University,  Professor  \\.  S 
Woodworth  presiding. 

The  following  programme  was  offered : 

W.  A.  HoOall,  Preliminary  Report  of  an  Experiment  to  De- 

termine THE  Effect  of  Air  Conditioxs  upon 
THE  Accuracy  of  Judgment  of  Intellectual 
Products. 

Edith  F.  Mulhall,  Experimental  Studies  in  Recall  and  Recogni- 
tion. 
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H.  A.  Blartin,  Practice  and  Its  Transfer  Effects  in  Can- 

cellation Tests. 

B.  S.  Woodworth,  Influence  of  Retention  of  Conditions  Favoring 

Quickness  of  Learning. 

J.  J.  B.  Morgan,      The  Energy  Error  in  Interference  Tests. 

Summary  of  Papers 

Mr.  McCall  said:  It  has  been  shown  by  Thomdike,  Chapman  and 
McCall  that  the  effect  of  air  conditions,  ranging  from  68®  F.,  50  per  cent, 
relative  humidity  and  45  cul)ic  feet  of  air  per  person  per  minute,  up  to 
86**  P.,  80  per  cent,  relative  humidity  and  the  air  imchanged  and  stagnant, 
was  absolutely  the  same  upon  the  product  produced  by  and  the  rate  of 
improvement  of  certain  mental  functions.  This  was  true  when  the  young 
men  tested  worked  at  maximal  effort  and  were  subjected  to  any  one  con- 
dition either  one  dav  of  four  hours  or  five  consecutive  davs  of  four  hours 
each. 

The  purpose  of  the  experiment  to  be  described  was  to  asceriain  whetlier 
tiiis  same  lack  of  difference  would  be  found  when  the  conduct  of  the  ex- 
periment and  the  nature  of  the  tests  were  such  as  not  to  stimulate  effort, 
but  to  encourage  carelessness. 

This  experiment  was  conducted  in  the  laborator}^  of  the  Xew  York 
State  Commission  on  Ventilation,  where  anv  desired  ventilation  condition 
could  be  very  accurately  maintained.  The  tests  were  made  upon  four 
male  college  students  who  occupied  the  experimental  chamber  for  six 
consecutive  weeks,  five  davs  to  the  week  and  seven  hours  to  the  dav.  Six 
air  variables  were  employed,  each  condition  lasting  one  week.  The  range 
of  air  conditions  was  the  same  as  that  noted  above. 

The  psychological  tests  occupied  the  first  three  days  in  each  week  and 
consisted  in  having  the  subjects  assign  values  to  specimens  of  penman- 
ship and  P^nglish  composition  according  to  the  Thomdike  Scale  for 
Handwriting  and  the  Hillefras  Scale  for  English  Composition,  respect- 
ively. In  all  27,360  judgments  were  made.  The  exact  value  of  each 
specimen  of  penmanship  and  composition  has  been  determined  and  the 
average  error  of  the  subjects'  judgments  has  been  calculated  for  each  of 
the  air  conditions. 

The  subjects  also  gave  a  numerical  comfort  statement.  These  comfort 
judgments  have  been  averaged  for  each  air  condition.  The  results  justify 
the  following  conclusions : 

1).  The  hot  humid  conditions  reduced  the  comfort  of  the  subjects. 

2).  The  comfort  of  the  subject  showed  no  demonstrable  correlation 
with  his  accuracy  of  judgment. 
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3).  The  function  tested  was  a  highly  variable  one,  but  it  varied  irre- 
spective of  the  time  spent  upon  the  test. 

4).  No  one  condition  more  than  another  affected  detrimentally  the 
accuracy  of  judgment  of  handwriting  or  composition. 

Miss  Mulhall  said:  Experiments  were  reported  concerning,  (1)  the 
influence  of  determination  to  remember,  and  (2)  the  effect  of  primacy 
and  recency  on  both  recall  and  recognition.  The  results  showed:  (1) 
Determined  recall  (recall  of  material  for  which  there  was  a  determination 
to  remember)  differs  from  undetermined  recall  more  than  determined 
recognition  differs  from  undetermined  recognition.  (2)  The  difference 
between  determined  recall  and  determined  recognition  is  less  than  that 
between  undetermined  recall  and  undetermined  recognition.  (3)  The 
factor  of  determination  influences  the  amount  of  material  remembered 
which  can  be  associated  Avith  other  material  remembered.  (4)  Primacy 
and  recency  both  influence  recall  memon*.  The  influence  of  each  on 
recoguition  is  less  than  on  recall,  but  is  greater  for  material  devoid  of 
associations  and  less  for  material  with  associations.  A  detailed  account 
of  the  experiments  will  appear  in  the  forthcoming  issue  of  the  "American 
Journal  of  Psychology." 

Mr.  Martin  said:  The  object  of  this  investigation  is  to  discover  the 
transfer  effects  of  practice  in  canceling  a-t  words  upon  certain  other  can- 
cellation tests.  The  subjects  were  divided  into  two  groups :  thirty-six  in 
the  practice  group  and  forty  in  the  control  group.  Both  groups  were 
tested  with  a  series  of  seven  cancellation  tests,  after  which  the  practice 
group  was  trained  in  canceling  words  containing  a  and  t  in  English  prose. 
The  practice  periods  were  ten  minutes  long  and  there  were  four  of  them 
each  day  for  sixteen  days.  Precautions  were  taken  to  impel  the  practice 
group  to  a  maximum  of  improvement,  and  also,  in  the  meantime,  to  keep 
the  remaining  forty  that  constituted  the  control  group  interested  in  their 
part  of  the  experiment.  In  the  training  series  the  practice  group  im- 
proved in  accuracy  from  83  per  cent,  to  96  per  cent.,  and  from  an  initial 
average  performance  of  10.2  cancellations  j)er  minute  to  a  final  average 
performance  of  26.6  cancellations  per  minute.  After  the  conclusion  of 
the  practice  both  groups  were  reassembled  and  tested  with  the  same  seven 
tests  used  before  the  practice  began. 

The  results  justify  the  following  conclusions : 

1).  In  the  group  of  tests  in  which  the  elements  determining  the  can- 
celing were  the  same  or  partially  the  same  as  the  elements  determining 
the  canceling  in  the  practice  series  the  transfer  effects  appear  as  facili- 
tation. 
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2).  In  the  group  of  tests  in  which  there  were  none  of  the  elements 
which  determined  the  rate  of  canceling  in  the  practice  series  the  transfer 
etfec-ts  are  without  appreciable  or  reliable  manifestation. 

3).  In  the  group  of  tests  in  which  the  elements  determining  the  can- 
celing were  among  those  to  be  neglected  in  the  practice  series,  while  the 
elements  determining  the  canceling  in  the  practice  series  were  among 
those  to  be  neglected  in  these  tests  the  transfer  effects  appear  as  inter- 
ference. 

Dr.  Woodworth  said:  Results  cited  from  the  literature  and  from  the 
speaker's  own  experiments  showed  that  in  the  main  an  influence  which 
made  for  quickness  of  learning  made  also  for  good  retention  of  the  matter 
learned.  But  there  were  exceptions  to  this  rule,  the  most  important  lacing 
that  long  lists  of  syllables,  or  other  large  masses  of  matter  to  l)e  learned, 
though  slowly  learned,  were  strongly  retained.  This  result  has  usually 
l>een  explained  by  reference  to  the  additional  study  given  to  the  elements 
of  the  longer  list  because  of  their  presence  in  the  long  list.  An  experi- 
ment was  reported  showing  that  this  was  not  the  full  explanation.  By 
the  method  of  paired  associates,  lists  of  5,  10,  20  and  30  pairs  of  unre- 
lated English  words  were  presented,  each  list  receiving  three  readings, 
with  test  and  prompting  after  each  reading.  The  shorter  lists  were  nat- 
urally more  completely  mastered  in  the  three  readings  than  the  longer 
lists.  Nevertheless,  a  test  two  days  later  showed  that  the  pairs  of  the 
longer  lists  were  much  better  learned  than  those  of  the  shorter  lists. 
From  the  lists  of  '>  pairs,  (>  per  cent,  were  retained;  from  the  lists  of  10 
pairs,  15  per  cent,  were  retained;  from  the  lists  of  20  pairs,  37  per  cent, 
were  retained  ;  and  from  the  lists  of  30  pairs,  34  per  cent  were  retained. 
Retrospective  notes  by  the  *^^5  subjects  indicate  that  lenirth  of  list  acts  as 
a  stimulus  to  effort,  and  that  this  effort  goes  to  the  discovery  of  mean- 
ingful connections  betwet»n  the  members  of  a  pair.  Shortness  of  list 
favors  quick  rote  learning,  without  much  attention  to  meaning,  while 
length  of  list  favors  meaningful  a|)|)rehension,  which  in  turn  favors 
retention. 

Dr.  Morgan  said :  This  paper  was  the  ivport  of  an  investigation  in- 
tended to  ascertain  the  effect  of  noisy  conditions  upon  human  activity. 
The  procedure  of  the  experiment  consisted  in  having  the  subject  work 
continuously  at  a  task,  the  time  for  <»ach  step  IxMug  re(»orded  automat- 
ically. While  ;hus  working  severe  noises  were  introduced.  Each  subject 
worked  for  about  one  hour,  a  record  being  taken  for  the  entire  time. 

The  results  show  that:  (1)  When  the  disturbing  noises  were  first  in- 
troduced they  caused  a  retardation  in  the  speed  of  the  work.  (2)  After 
the  first  slowing  effect,  the  subject  exceeded  the  speed  he  had  made  before 
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the  disturbances  were  introduced.  (3)  After  the  removal  of  the  dis- 
turbance the  subject  did  slower  work,  (-i)  The  records  of  errors  do  not 
show  any  inferior  grade  of  work  during  the  disturbance.  (5)  Since  no 
index  was  obtained  as  to  the  amount  of  effort  put  forth  by  the  subjects, 
these  results  throw  no  light  on  the  favorability  or  unfavorability  of  the 
noisy  conditions.  They  have  a  purely  subjective  intent,  namely,  that  the 
subject  is  able  to  call  forth  enough  extra  energj-  to  overcome  any  effect 
the  noise  may  have. 

Two  attempts  to  get  such  an  index  were  reported.  One  was  by  record- 
ing the  involuntary  difference  in  pressure  that  the  subject  exerted  upon 
a  dynamometer  while  at  work.  With  an  improvement  in  technique  this 
method  gives  some  promise.  The  other  was  to  take  a  continuous  respira- 
tion record.  Measuring  the  time  of  each  expiration  and  inspiration  and 
finding  the  ratio  between  them  (dividing  the  expiration  l)y  the  inspira- 
tion) gives  a  means  of  comparing  the  different  respirations  numerically. 
In  two  experiments  performed,  this  method  gave  definite  results.  They 
showed  that  this  ratio  increases  as  the  subject  begins  work,  and  rises  to  a 
maximum.  As  he  becomes  accustomed  to  the  work  it  drops  somewhat. 
Noises  cause  a  marked  increase  in  the  ratio,  and  removal  of  the  disturb- 
ance a  decrease.  It  is  planned  to  ascertain  whether  future  experimentar 
tion  will  corroborate  these  results. 

The  Section  then  adjourned. 

B.  H.  liOwiE, 

Secretary, 

BUSINESS  MEETING 
1  March,  1915 

The  Academy  met  at  8 :15  p.  m.  at  the  iVmerican  Museum  of  Natural 
History,  President  George  F.  Kunz  presiding.  In  the  absence  of  the 
Recording  Secretary,  Dr.  Charles  P.  Berkey  was  appointed  Secretary 
pro  tern. 

The  minutes  of  the  last  business  meeting  were  read  and  approved. 

The  following  candidates  for  membership  in  the  Academy,  recom- 
mended by  Council,  were  didy  elected : 

Active  ^ifEMBERSHip 

J.  S.  Lemon,  Cosmos  Club,  Washington,  D.  C, 
Frank  G.  Gilbrith,  77  Brown  Street,  Providence,  R.  I., 
L.  A.  Adams,  Columbia  Universitv. 
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The  Secretar}^  then  reported  the  death,  on  24  January,  1915,  of  Arthur 
Auwers,  Honorar}-  Member  of  the  Academy  since  1898. 
The  Academy  then  adjourned. 

Charles  P.  Berkey^ 

Secretary  pro  tern, 

SECTION  OF  GEOLOGY  AND  MINERALOGY 

1  March,  1915 

Section  was  called  to  order  at  8:20  P.  H.,  Vice-President  Charles  P. 
Berkey  presiding,  about  twenty  members  and  visitors  being  present.  In 
the  absence  of  the  Secretary  of  the  Section  the  minutes  of  previous  meet- 
ing were  not  called  for,  and  Mr.  W.  S.  Smith  was  appointed  Secretary 
pro  iem. 

There  being  no  business  to  transact,  the  following  scientific  programme 
was  offered : 

Mrs.  C.  C.  Mook,  A  New  Cephalopod  from  the  Siluric  of 

Pennsylvania. 
Bliss  Marjorie  O'Connell,  Characteristics  of  a  Typical  Estuary. 
A.  W.  Orabau,  New  Light  on  Ancient  Geography  from 

THE  Rocks  and  Fossils  op  Michigan. 

Summary  of  Papers 

Mrs.  Mook  reported  the  finding  of  a  specimen  of  Trochoceras  gro- 
vaniense  and  exhibited  the  specimen.  Dr.  Grabau  remarked  on  the  im- 
portance of  the  contribution. 

Miss  O'Connell  presented  charts  and  maps  to  illustrate  the  importance 
of  salinity  on  faima,  concluding  that  no  such  thing  as  a  peculiar  estuarine 
fauna  existed.  Miss  O'Connell  used  the  Baltic  as  an  example  of  a  typical 
eetuar}',  a  point  that  was  questioned  by  Dr.  Johnson,  who  was  in  turn 
answered  bv  Dr.  Grabau. 

Dr.  Grabau's  paper  was  presented  as  a  further  step  in  a  study  already 
occupying  some  ten  years.  It  included  a  development  of  the  varying 
relations  between  land  and  water  in  Lower  Siluric  and  succeeding  periods, 
with  particular  light  on  the  paleogeographic  conditions  in  Monroan  time 
as  shed  by  recent  studies  of  Michigan  fauna.  Many  maps  were  used  and 
a  concise  and  extremely  scientific  summary  was  read.  Dr.  C.  A.  Reeds 
asked  regarding  sources  of  information. 

The  Section  then  adjourned.  Warr>:n  S.  S^iith. 

Secretary  pro  tern. 
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SECTION  OP  BIOLOGY 

8  Makch,  1915 

Section  met  at  8:15  p.  u,,  Vice-President  Raymond  C.  Osbum  pre- 
siding. 

The  following  programme  was  then  offered : 

L.  A.  Adams,  Piiylogeny  of  the  Muscles  of  Mastication  ix  Veute- 

BRATES. 

Summary  of  Paper 

Mr.  Adams  said  in  abstract:  The  object  of  the  investigation,  which 
had  been  carried  on  at  the  American  Museum  of  Natural  History,  was 
to  discover  the  evolutionary  history  of  the  jaw  muscles  in  vertebrates  and 
to  establish  the  homologies  of  the  different  elements  throughout  the  verte- 
brate classes.  While  many  anatomists  had  made  intensive  studies  of  the 
innervation  of  the  muscles,  very  few  had  attempted  to  follow  the  muscles 
through  the  vertebrate  classes,  and  no  one  had  given  an  adequate  series 
of  ifigures.  A  series  of  26  existing  types  of  vertebrates  had  been  carefully 
studied  and  figured,  representing  the  Elasmobranchii,  Chondrostei,  Ho- 
los:ei,  Teleostei,  Crossopterygii,  Dipnoi,  Urodela,  Anura,  Chelonia,  Rhyn- 
choeephalia,  Lacertilia,  Crocodilia,  Aves  and  Mammalia.  From  the  data 
thus  obtained  and  by  applying  the  principles  that  became  apparent  as  the 
work  proceeded,  reconstructions  of  the  jaw  musculature  were  attempted 
in  a  series  of  extinct  forms  representing  the  Arthrodira,  the  Temno- 
spondyli,  the  Cotylosauria,  the  Cynodontia  and  the  Theropoda.  The 
muscles  under  consideration  fall  under  two  main  groups :  first  those  inner- 
vated by  the  ramus  mandibularis  of  the  trigeminus  nerve  (here  belong 
the  temporalis,  the  masseter  and  the  pterygoid  muscles,  as  well  as  the 
tensor  tympani),  and  secondly  those  innervated  by  the  facialis  nerve, 
including  the  posterior  belly  of  the  digastric,  and  in  lower  forms  certain 
muscles  of  the  hyoid  and  opercular  regions.  The  first  group  is  derived 
ultimately  from  the  "adductor  mass"  in  Elasmobranchs,  the  second  from 
the  hyoidean  adductors  (constrictor  dorsalis  2),  as  held  by  Vetter  and 
others. 

The  speaker  illustrated  the  history  of  each  of  these  groups  in  the  dif- 
ferent classes  of  vertebrates.* 

Dr.  W.  K.  Gregory,  in  discussing  Mr.  Adams'^  paper,  spoke  of  the 
bearing  of  these  studies  upon  the  morphology  of  the  skull,  especially  in 

^  Mr.  Adams'  memoir  on  this  subject  has  since  been  accepted  for  pabUcatlon  by  the 
Academy. 


RECORDS  OF  MEETINGS  409 

reptiles.  Exliibiting  illustrations  of  the  skull  of  the  carnivorous  dinosaur 
Tyrannosaurns.  he  showed  Iiow  the  superior  and  lateral  temporal  t'enestrae 
Appear  to  have  served  for  the  oritrin  of  the  capiti-niandibularis  muscle, 
while  the  pre-orbital  fenestra?  may  have  lodged  the  upper  parr  of  the 
pterygo-mandibularis. 

The  Section  then  adjourned. 

William  K.  Grkgouy. 

Serretarif. 

SECTION  OF  ASTKOXOMY,  PHYSICS  AND  CHEMISTIJY 

15  ^[arch,  1015 

Section  met  at  8:15  p.  m.,  Vice-President  Charles  Baskerville  presid- 
ing. 

The  minutes  of  the  last  meeting  of  the  Section  were  read  and  approved. 
The  following  programme  was  then  offered: 

A.W.Thomas,  Thk  Actiox  of  Diastase  on  Starch. 

W.  O.  Lyle,  L.  J.  Curtman  and 

J.  T.  W.  Marshall,  A  Nkw  Test  for  Copper. 

Summary  of  Paper 

An  ahstract  of  the  j>aper  by  Drs.  W.  (r.  Lyle,  L.  J.  Curtman  and  Mr. 
J.  T.  W.  Marshall  is  as  follows:  An  aqueous  solution  of  normal  amino 
<»proic  acid  was  fomid  to  be  an  exceedingly  sensitive  reagent  for  the  de- 
tection of  copper.  With  this  reagent  0.004  mg.  of  copper  may  be  detected 
with  certainty.  Mercury  and  zinc  are  the  only  other  common  metals 
which  yield  under  the  conditions  specified,  a  precipitate  with  the  reagent. 
The  interference  of  the  former  may  l)e  overcome  by  the  addition  of 
sodium  chloride;  the  latter  may  be  prevented  from  precipitating  by  ad- 
justing the  acidity  of  the  solution.  Procedures  are  given  for  the  detec- 
tion of  small  amoimts  of  copper  in  the  presence  of  relatively  large  quan- 
tities of  foreign  metals.  The  reagent  is  more  specific  for  copper  than  any 
of  the  other  reagents  heretofore  proposed  and  possesses  an  advantage  over 
the  ferrocyanide  test,  in  that  small  quantities  of  iron  do  not  interfere 
with  its  use. 

The  Secti<»n  then  adjournal.  K.  K.  Smith. 

>>errefarif. 
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SECTION  OF  ANTHROPOLOGY  AND  PSYCHOLOGY 

22  March,  1915 

Under  the  auspices  of  the  Section  of  Anthropology  and  Psychology,  a 
general  meeting  of  the  Academy  and  its  Aifiliated  Societies  was  held  at 
8 :16  p.  M.^  Professor  R.  S.  Woodworth  presiding. 

The  evening  was  devoted  to  the  following  lecture : 

Baymond  Dodge,  Incidence  of  the  Effect  of  Moderate  Doses  of 

Alcohol  on  the  Nervous  System. 

Summary  of  Paper 

Professor  Dodge's  lecture  gave  an  account  of  the  principal  neuro- 
muscular techniques  which  were  used  in  the  first  year  of  experimentation 
under  the  alcohol  programme  of  the  Nutrition  Laboratory  of  the  (>amegie 
Institution  for  a  systematic  study  of  the  effects  of  moderate  doses  of 
alcohol  on  the  human  organism.  These  techniques  were  developed  by 
many  years  of  preliminary  study  to  exclude  arbitrary  and  voluntary  modi- 
fication of  the  data  as  far  as  possible,  and  gave  a  systematic  view  of 
nervous  action  at  different  levels. 

The  results  of  the  experiments  show  that  alcohol  affects  all  levels  of 
the  nervous  system,  including  the  autonomic  system,. but  in  various  de- 
grees. The  effect  is  greatest  at  those  levels  where  the  possibility  of 
autogenic  reinforcement  is  least.  The  relation  between  its  effect  on  the 
cerebro-spinal  and  on  the  autonomic  systems  respectively  indicates  that 
alcohol  decreases  organic  efficiency.  The  best  indicator  of  the  effect  of 
alcohol  on  any  particular  individual  appears  to  be  its  effect  on  the  eye 
movements. 

After  the  address  a  collation  was  served  in  the  Eskimo  Hall.  This 
was  followed  by  a  reception  to  Professor  Dodge,  and  the  Section  then 
adjourned. 

R.  H.  Tx>wiE, 

Secretary, 

BUSINESS  MEETING 
5  April,  1916 

The  Academv  met  at  8:15  p.  m.  .at  the  American  Museum  of  Natural 
History,  President  George  F.  Kunz  presiding.  In  the  absence  of  the 
Recording  Secretary,  Dr.  Charles  P.  Berkey  was  elected  Secretary  pro  tcm. 

The  minutes  of  the  last  business  meeting  were  read  and  approved. 
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The  following  candidate  for  Active  Membership  in  the  Academy,  recom- 
mended by  Council,  was  duly  elected : 

Victor  Emaniiel  I-<evine,  College  of  Physicians  and  Surgeons. 

The  Secretary  reported  the  death  of  Francis  Hustace,  Active  Member 
of  the  Academy  since  1907. 
The  Academy  then  adjourned. 

Charles  P.  Berkey. 

Secretary  pro  tern. 

SECTION  OF  GEOLOGY  AND  MINEEALOGY 

5  April,  1915 

Section  was  called  to  order  immediately  after  the  adjournment  of  the 
regular  meeting  of  the  Academy,  Vice-President  Charles  P.  Berkey,  pre- 
siding. 

The  resignation  of  the  Secretary,  Dr.  A.  B.  Pacini,  was  accepted,  and 
Professor  D.  W.  Johnson  was  elected  to  serve  out  the  unexpired  term. 

The  following  programme  was  offered : 

W.  8.  Smith,  Areal  and  Ecoxomic  Geology  of  Skykomish  Basin, 

WASinXGTOX. 

SuMMAJiY  OF  Paper 

Mr.  Smith  described  the  topography  of  the  Skykomish  district  in  the 
Cascade  Moimtains  and  briefly  explained  the  geological  history  of  the 
region.  Special  emphasis  was  laid  upon  the  relationship  of  the  different 
batholithic  intrusions  which  occupy  a  large  part  of  the  area  under  dis- 
cussion. The  paper  was  illustrated  by  a  geologic  map,  photographs  and 
numerous  rock  specimens,  and  was  discussed  by  D.  W.  Johnson,  C.  A. 
Reeds  and  C.  C.  Mook. 

D.  W.  Johnson, 

Secretary. 

SECTION  OF  BIOLOGY 

12  April,  1915 

Section  met  at  8:15  p.  m.,  Vice-President  Raymond  C.  Osbuni  pre- 
siding. 

The  following  programme  was  then  offered : 
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Henry  Fairfield  Osbom,  Men  of  the  Old  Stone  Age. 

Review  of  the  Pleistocene  of  Europe, 

Asia  and  Xokthern  Africa.-    (Read  by 

title.) 
J.  H. MacGregor,  New  Restorations  of  Prehistoric  Men: 

Pithecanthropus,  Piltdown,  Xeandmr- 

THAL,  Cro-Magnon. 

Summary  of  Papers 

Professor  Osbom  simimarized  the  chief  results  of  his  synthetic  work 
on  the  early  history  of  man  in  Europe,  in  which  he  had  enjoyed  the  co- 
operation of  many  archaBologists,  anatomists  and  geologists.  He  outlined 
the  geological,  climatic  and  faunal  history  of  Europe  during  the  Pleisto- 
cene, with  special  reference  to  the  palteolithic  stages,  exhibiting  a  large 
chart,  which  had  been  prepared  in  collaboration  with  Dr.  C.  A.  Reeds, 
illustrating  the  successive  advances  and  retreats  of  the  glaciers  and  the 
corresponding  succession  of  mammalian  faunas  and  races  of  man. 

Illustrations  of  the  skeletal  remains  of  the  palaeolithic  races  were  passed 
in  review  and  the  chief  characters  of  each  race  noted. 

Professor  MacGregor  exhibited  his  remarkably  life-liko  series  of  busts 
of  prehistoric  men  and  a  corresponding  series  of  skull  models,  which  had 
been  reconstructed  from  casts  of  the  original  specimens.  The  skull  re- 
constructions had  been  made  with  careful  consideration  of  all  available 
evidence  from  comparative  anatomy  and  palaeontology.  After  completing 
eacli  skull  model,  the  flesh  was  restored  at  many  points,  the  thickness 
being  determined  from  the  well  known  results  of  dissection  of  recent 
human  subjects. 

The  facial  characteristics  of  each  race,  so  far  as  they  could  be  inferred 
from  the  skull  structure,  were  described. 

Doctor  Hrdlicka,  in  discussing  the  papers  of  Professors  Osbom  and 
MacGregor,  held  that  the  La  Ferassie  remains  were  intermediate  in  char- 
acter between  Homo  neanderthalensis  and  H,  sapiens  and  indicated  a 
transition  from  one  to  the  other. 

Professor  Osborn,  in  reply,  expressed  his  opinion  that  the  Neander- 
thaloids  were  not  ancestral  to  the  higher  type. 

The  Section  then  adjourned. 

William  K.  Gregory, 

Secretary. 


•  Pobllshed  tn  the  Annals,  Vol.  XXVI,  pp.  215-315,  30  J^ily,  1915. 
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SECTION  OF  ANTHEOPOLOGY  AND  PSYCITOLO(iV 

19  April,  19 1.") 

Section  met  in  conjunction  with  the  Xcw  York  Branch  of  the  Amer- 
ican Psychological  Association  at  Columbia  University,  Professor  R.  S. 
Woodworth  presiding. 

The  follo\ving  programme  was  offered : 

G.  0.  Ferguson,  Kklative  Pkufoiimancp:  of  Xkgkoks  and  Wjhtks 

ly  Some  Mkntal  Tests. 
.Robert  A.  Cummins,  Distuiijution'  of  Time  in   School  Exeihises. 
H.  A.  Ruger,  Repokt  ox  P^xperimexts  with  the  Hamptox 

Court  Maze. 
M.  R.  Trabue,  Completiox  Tests  with  Piblh^  School  Chfl- 

DREX. 

Hark  A.  May,  Ax'  Experimental  Study  ix  Values. 

Will  S.Monroe,         Tue  Sti^dy  of  Foreign^  Laxguages  ix  I^elatiox 

TO  Standing  ix  Psychology. 
L.  H.  Horton,  Scientific  Method  ix  the  Txteupketattox  of 

Dreams. 
(Jary  C.Myers,  Studies  in  Recall. 

Summary  of  Papers 

Mr.  Ferguson  said  in  abstraitt :  I'cst-;  wm^  mafic  u]>oii  1S()  white  and 
421  colored  pupils  in  the  <rrammar  and  high-school  grades  of  Iliclmiond, 
Fredericksburg  and  Newport  News,  Virginia.  In  the  Woodwortli  and 
Wells  "Mixed  Relations"  test,  and  in  the  Trabue  "Completion''  test,  the 
colored  children  scored  approximately  three  fourths  as  high  as  tlie  white 
children;  in  the  "Columbia  Straight  Maze''  test  there  was  no  appreciable 
racial  difference  in  ability;  in  a  cancellation  test  the  coloreil  girls  were 
slightly  superior  lo  tlie  white  girls,  and  the  colored  boys  did  as  well  as 
the  white  bovs. 

The  colored  ]>upils  were  divided  into  four  classes  on  the  basis  of  racial 
purity  as  indicated  by  skin  color,  hair  texture,  and  facial  and  cranial  con- 
formation. Tn  the  mixed  relations  and  completion  tests,  the  pure  ne- 
groes, the  negroes  thret^  fourths  pure,  the  mulattoes,  and  the  quadroons 
scored  respectively  as  follows :  approximately  fiO,  70,  80  and  90  per  cent. 
as  high  as  whites. 

The  variability  of  the  colored  pupils  as  a  whole  was  fully  as  great  as 
that  of  the  whites,  likewise  the  variability  of  the  mulattoes.    But  the  pure 
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negroes,  the  negroes  three  fourths  pure,  and  the  quadroons  were  some- 
what less  variable  than  the  whites.  The  results  of  the  experiments  will 
be  published  in  full  in  the  "Archives  of  Psychology." 

Professor  Cummins  said  in  abstract:  The  investigation  concerns  the 
practical  application  of  the  laws  of  memory  in  such  public-school  exer- 
cises as  geography  and  history,  and  deals  with  the  relative  advantages  of 
an  irregular  distribution  of  time  as  compared  with  the  regular  distribu- 
tion which  is  commonly  used  in  the  arrangement  of  the  school  programme. 

Subjects, — The  subjects  used  in  the  experiment  included  pupils  in 
grades  from  the  third  to  the  seventh — a  total  of  699. 

The  seventh-grade  pupils  were  in  the  Rutherford,  New  Jersey,  public 
school  and  were  mostly  Americans  of  good  social  standing.  Those  of  the 
other  grades  were  from  the  Lyndhurst,  New  Jersey,  public  schools  and 
represented  about  50  per  cent,  of  foreigners,  mostly  Italians  and  Pollocks, 
being  of  a  rather  low  grade  of  economic  and  social  standing. 

Materials. — The  standard  one-column  addition  sheets  of  Thorndike 
were  used  with  the  third  and  fourth  grades;  the  division  sheets  devised 
by  Kirby  were  used  in  the  fifth  grade ;  in  the  upper  grades  the  geography 
and  history  material  used  was  devised  by  the  writer  and  consisted  of  a 
selection  of  principles  and  facts  of  geography  condensed  into  brief  sen- 
tences and  printed  on  sheets  6x9  and  6  x  12  inches.  These  sheets  were 
passed  out  for  study.  These,  after  a  given  length  of  time,  were  taken  up 
and  other  sheets  passed  out.  These  latter  sheets  were  the  same  as  the  first 
ones  except  that  all  the  important  words  were  omitted  and  the  numbers, 
which,  by  the  way,  were  placed  in  parentheses  in  front  of  these  words  on 
the  study  sheets,  indicated  the  missing  words.  The  pupils  were  required 
to  write  on  separate  scoring  sheets  as  many  of  these  missing  words  as 
possible  in  a  given  time. 

Task. — The  task  assigned  in  all  the  grades  consisted  in  doing  the  exer- 
cises in  addition,  division,  geography  or  history,  as  the  case  might  be,  so 
many  minutes,  say  5,  10,  or  15,  per  day  or  per  every  other  day,  or  what 
not,  according  to  the  arrangement  of  the  time  schedule  for  each  group. 
A  total  of  115  minutes  was  used  with  the  third  and  fourth  grades  doing 
addition.  The  same  time  was  used  with  the  fifth  grade  doing  division, 
the  measurement  being  taken  from  the  mid-point  of  the  initial  fifteen 
minutes  of  practise  to  the  mid-point  of  the  final  fifteen  minutes  of  prac- 
tise— i.  e.,  100  minutes  of  practise  were  measured.  In  the  case  of  the 
sixth  and  seventh  grades  doing  geography  and  history  a  total  of  120  min- 
utes was  used  in  the  experiment,  the  measurement  being  taken  from  the 
mid-point  of  the  initial  fifteen  minutes  of  practise  to  the  mid-point  of 
the  final  fifteen  minutes  of  practise — f.  p.,  105  minutes  of  practise  were 
measured. 
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Distribution  of  time, — Several  different  schedules  of  time  distribution 
were  carried  out,  which  can  not  be  described  here  in  detail,  but  suflSce  it 
to  say  that  the  main  comparison  was  made  between  a  regular  distribu- 
tion— i.  e.,  15,  15,  15,  etc.,  or  10,  10,  10,  etc. — per  day,  or  per  every  other 
day,  as  the  case  might  be,  with  an  irregular  distribution — i,  e.,  15,  15,  10, 
10,  5,  etc. — or  a  decreasing  number  of  minutes  and  an  increasing  time- 
interval  between  the  periods  of  practise. 

Time  of  day, — No  special  effort  was  made  to  keep  the  time  of  day  con- 
stant. Some  classes  worked  in  the  afternoon  and  some  in  the  forenoon. 
A  check  was  kept  on  this  and  no  appreciable  difference  seems  to  be  mani- 
fest by  this  factor. 

Stress, — In  the  beginning  it  was  aimed  to  stress  accuracy  at  least 
enough  to  keep  up  to  the  standard  set  in  the  initial  practise  and  if  possi- 
ble to  show  a  consistent  gain  in  same.    This  was  done. 

Conductors  of  the  experiment. — The  writer  personally  conducted  all 
the  initial  and  final  practises,  the  entire  experiment  with  the  sixth  and 
seventh  grades  and  practically  all  the  work  with  the  lower  grades.  In  a 
few  instances  it  was  impossible  because  of  lack  of  time  to  get  around  to 
all  the  sections  at  the  time  appointed,  and  in  such  cases  the  teacher  took 
charge  of  the  practise.  All  the  teachers  were  in  the  rooms  during  all  the 
work  and  consequently  were  able  to  take  charge  without  any  change  in 
either  the  stress  or  the  method. 

Conclusion. — The  results  show  an  improvement  of  about  50  per  cent, 
in  addition,  100  per  cent,  in  division  and  from  50  to  150  per  cent,  in 
geography  and  history,  with  a  noticeably  larger  increase  in  case  of  the 
groups  working  according  to  the  irregular  distribution  of  time.  In  point 
of  accuracy  there  was  an  increase  of  1  to  9  per  cent,  in  all  cases.  The 
experiment  seems  to  warrant  the  conclusion  that  an  irregular  distribu- 
tion of  time  is  more  advantageous  in  the  case  of  such  school  subjects  as 
are  here  considered. 

Mr.  Trabue  said  in  abstract :  After  testing  over  six  thousand  public- 
school  children  with  a  series  of  fifty-six  mutilated  sentences,  twenty-four 
of  the  sentences  were  selected  to  serve  as  a  language  scale." 

Sentences  were  used  rather  than  paragraphs,  because  it  was  believed 
that  the  paragraph  was  too  large  a  unit  of  thought  for  the  child  in  the 
lower  grades  to  handle  successfully.  Tlie  mental  labor  required  of  the 
teacher  in  evaluating  paragraph  completions  has  heretofore  kept  teachers 
from  making  much  use  of  completion  tests.  The  short  sentence  imits 
here  presented  to  the  child  for  completion  and  to  the  teacher  for  evalua- 

«  Cf.  M.  R.  Trabue :  "Some  Results  of  a  Graded  Series  of  Completlon  Tests."  School 
and  Society,  Vol.  I,  pp.  687-640. 
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tion  seemed  to  eliminate  many  of  the  objections  which  have  been  brought 
against  the  use  of  completion  tests  with  public-school  children. 

Since  it  was  desired  to  test  the  child's  ability  to  think  about  and  to  use 
intelligently  the  ordinary  words  of  the  English  language,  the  subject- 
matter  of  the  sentences  was  taken  from  general  experience  and  human 
relations,  avoiding  in  so  far  as  possible  the  more  specialized  fields  of 
knowledge. 

An  elaborate  scheme  of  evaluated  completions  was  at  first  followed  in 
scoring  each  sentence,  giving  five  points  score  to  each  perfectly  completed 
sentence,  four  points  to  each  sentence  only  slightly  imperfect,  three  points 
to  each  sentence  containing  a  more  serious  error,  two  points  to  a  very  im- 
perfectly completed  sentence  and  one  point  if  the  sentence  showed  any 
evidence  whatever  that  the  child  had  understood  the  printed  words.  The 
present  scheme  of  scoring  gives  two  points  score  where  five  were  originally 
given,  one  point  where  four  or  three  were  given  and  no  score  at  all  where 
two  or  one  were  at  first  assigned. 

That  the  present  method  of  scoring  is  practically  as  reliable  as  the 
older,  more  elaborate  method  is  indicated  by  the  fact  that  the  fifty-six 
sentences  tend  to  hold  their  relative  rank  regardless  of  which  method  is 
used.  The  rank  obtained  by  testing  fifty-seven  pupils  in  the  last  half  of 
the  eighth  grade  showed  a  correlation  (Spearman's  method  of  squared 
differences)  of  .965  with  the  rank  obtained  from  testing  thirty-four  pupils 
in  the  first  half  of  the  sixth  grade,  when  the  older  method  of  scoring  was 
employed,  while  with  the  newer  method  of  scoring,  r  =  .9623.  The  ranks 
obtained  by  the  two  methods  from  the  fifty-seven  pupils  in  the  eighth 
grade  gave  a  correlation  of  .9823,  and  with  the  thirty-four  pupils  in  the 
sixth  grade,  r=  .9768.  Such  small  differences  between  the  two  methods 
of  scoring  the  tests  were  not  thought  sufficient  to  warrant  the  enormous 
amount  of  additional  labor  required  to  score  the  sentences  by  the  old, 
more  elaborate  scheme. 

Since  each  of  the  twenty-four  sentences  of  Language  Scale  A  may  re- 
ceive two  points  credit,  the  maximum  score  is  forty-eight  points.  The 
average  scores  in  Language  Scale  A  of  over  five  thousand  children  in  three 
different  school  systems  are  given  below  by  grades,  the  P.E.  of  any  grade 
average  being  3.5  points. 

School  grade. . .    II      III      IV        V        VI      VII     VIII      IX        X        XI      XII 
Av.HCore 3.4    7.7     12.1     16.2     19.5    22.5    26.4     28.9    32.9    .S4.8    37.3 

Mr.  May  said  in  abstract:  The  work  here  reported  represents  a  pre- 
liminary attempt  to  apply  the  order  of  merit  method  to  the  study  of 
"religious  values."    The  materials  used  for  the  experiment  were  twenty- 
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five  religious  situations,  the  most  of  wliich  are  found  in  any  order  of 
worsliip  of  Protestant  churches.  The  subjects  were  asked  to  imagine 
themselves  in  each  of  these  situations  and  then  to  arrange  them  in  the 
order  of  their  merit  for  pure  pleasure.  After  this  arrangement  had  been 
made,  they  were  asked  to  arrange  the  same  material  a  second  time  for  its 
religious  value — religious  value  being  defined  as  "communion  with  God." 
Then  still  a  third  arrangement  was  made  for  moral  value.  Fifty  students 
in  Union  Theological  Seminary  judged  this  material  in  each  of  these 
three  ways. 

The  most  significant  features  of  the  investigations  may  be  summed  up 
under  the  following  heads : 

1).  The  fact  that  fifty  judges  judged  these  situations  without  com- 
plaining that  it  could  not  he  done  would  seem  to  indicate  that  if  a  sufB- 
cient  number  of  competent  judges  could  be  obtained  it  would  be  possible 
to  derive  a  scale  for  measuring  the  relative  values  of  religious  and  moral 
situations. 

2).  By  having  the  same  material  judged  according  to  three  different 
criteria  we  are  able  to  analyze  a  given  situation  and  to  determine  its 
moral,  religious  and  aesthetic  value. 

3).  The  experiment  shows  that  on  the  whole  this  is  a  very  satisfactory 
method  of  defining  and  bringing  out  of  obscurity  what  we  mean  when  we 
talk  in  such  vague  terms  about  the  "values  of  life.'' 

Mr.  Horton  said  in  abstract:  Tlie  question  here  considered  is  whether 
dream  interpretations  shall  represent  the  state  of  the  dreamer's  mind  or 
the  mere  fancy  of  the  interpreter.  Criticism  is  directed  at  the  aprioristic 
and  oftentimes  hit-or-miss  practises  of  the  Vienna  and  Ziirich  schools  of 
psychoanalysis. 

For  illustration,  a  simple  dream  is  interpreted  by  the  current  methods 
of  psychoanalysts.  First,  according  to  the  "reductive  method"  of  Freud, 
it  is  made  out  as  symbolizing  an  infantile  and  sexual  wish-fulfilment,  ex- 
pressing a  ''voyeur'  component  of  the  Libido.  Secondly,  the  dream  is 
reinterpreted  by  Jung's  "constructive  method,"  so  as  to  gloss  over  the 
gross  Freudian  phallicism.  It  is  now  made  to  mean  that  the  dreamer  is 
impelled  to  higlier  biological  duties,  namely,  marriage  and  professional 

success. 

The  plausibility  of  these  interpretations  once  shown,  they  are  next 
proved  wide  of  the  mark,  by  the  fact  that  the  dream  can  be  more  ade- 
quately accounted  for  in  another  way — t.  e.,  by  a  proposed  "reconstitu- 

tive  method." 

This  method  aims  to  "reconstitute"  the  dream-thought  (both  imaged 
and  imageless)  by  tracing  the  wave  of  nervous  excitation  from  its  origin 
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in  a  primary  stimulus-idea  through  a  specific  apperception-mass  into  a 
derived  system  of  secondary  images  which  form  the  manifest  dream  con- 
tent. The  derivation  of  the  latter  must  be  concretely  demonstrated  in 
the  "settings  of  ideas" — not  assumed. 

The  reconstitution  of  this  particular  dream  illustrates  the  reductio  ad 
absurdum  of  the  two  previous  psychoanalytic  "solutions."  The  fact  that 
either  of  them  would  apparently  have  satisfied  the  demands  of  the  prob- 
lem is  an  artifact  evolved  by  the  interpreter's  confabulations  and  forcing 
of  analogy.    It  is  a  matter  of  "will  to  interpret." 

The  Freudian  technique  is  unsound  in  so  far  as  it  fails  to  consider  the 
meaning  of  dream-items  as  determined  by  "unconscious  settings  of  ideas." 

The  study  of  individual  differences  in  dreams  indicates  that  the  sup- 
posed ^language  of  dreams"  is  an  artifact ;  that  the  psychic  "censorship" 
is  only  an  occasional  phenomenon.  The  reconstitutive  method  brings  into 
relief  the  trial-and-error  character  of  the  dreaming  process,  depicting  the 
organism  as  attempting  a  physiological  resolution  of  persisting  and  unad- 
justed stimulus-ideas.  The  images  evoked  in  the  dream  have  the  psycho- 
logical character  of  "trial  percepts"  or  tentative  apperceptions. 

Sleep  favors  apperceptive  errors ;  hence  the  inconsistency  and  bizarrerie 
of  the  dream.  The  significance  of  a  dream  can  be  found  only  by  recon- 
stituting it  from  the  above  standpoint. 

Dr.  Myers  said  in  abstract:  Two  experiments  in  progress  were  re- 
ported— Eeconstructive  Becall  and  Confusion  in  Recall.  In  the  first 
experiment  the  subjects  daily  tried  to  recall  as  much  as  possible  of  certain 
selections  which  they  once  knew  very  well,  but  which  they  had  forgotten 
wholly  or  in  part.  The  subjects  wrote  introspections.  Several  times  as 
much  was  reconstructed  at  the  end  of  a  few  weeks  as  the  amount  repro- 
duced in  the  first  recall.  Interesting  chains  of  associations  were  obvious. 
Paragraphs  and  sentences  mutilated  or  entire  were  recalled  and  improved 
upon  or  linked  with  others  in  subsequent  recalls. 

The  results  thus  far  endorse  the  common  statement  of  psychologists, 
"We  never  wholly  forget,"  and  they  emphasize  the  importance  of  the 
most  favorable  situations  to  elicit  the  learner's  reproduction.  They  sug- 
gest a  prominent  existence  of  subliminal  association,  and,  most  of  all,  a 
serious  neglect  in  almost  all  memory  experiments  to  consider  the  time 
for  recall  as  a  factor  in  measuring  memory,  and,  in  case  of  group  experi- 
ments, to  provide  any  time  limit  for  recall. 

In  the  second  study  the  purpose  is  to  determine  the  increase  of  confu- 
sion with  the  increase  of  retention  interval.    The  following  test  is  used : 
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273 

7.32 

372 

723 

l)ent 

tow 

desert 

waist 

statue 

meat 

week 

pear 

dessert 

waste 

stake 

toe 

steak 

kernel 

beet 

meet 

weak 

pair 

statute 

colonel 

The  subjects  are  told  to  study  the  materials,  so  as  to  be  able  to  reproduce 
the  correct  words  under  their  respective  numbers.  A  hundred  subjects, 
tested  individually,  were  told  to  study  until  they  were  sure  they  could 
give  perfect  reproduction.  Their  times  for  learning  and  for  recall  were 
kept.  They  were  surprised  by  a  request  for  a  second  recall  after  three 
weeks.  Five  minutes  for  learning  and  three  minutes  for  recall  were  al- 
lowed 278  public-school  children  tested.  They  were  surprised  by  a  second 
recall  after  one  day  and  a  third  recall  five  weeks  later. 

Partial  results  of  the  latter  group  only  were  presented.  The  average 
percentage  of  the  correct  words  and  figures  that  are  recalled  in  correct 
order  is  used  to  measure  the  amount  of  absence  of  confusion.  By  the  159 
boys  and  girls  of  the  high  school  the  average  per  cent,  for  words  in  im- 
mediate recall  is  71.3  and  after  one  day  60.9.  For  figures  the  percentages 
are  74.4  and  70.4.  By  the  eighth  grade  the  records  are :  Words,  78.8  and 
62.9;  figures,  73.8  and  51.5.  Seventh  grade:  Words,  56.1  and  39.7;  fig- 
ures, 53.3  and  27.4.  Sixth  grade:  Words,  60.0  and  43.7;  figures,  61.9 
and  49.6.  This  shows  confusion  in  the  first  recall  and  a  very  pronoimced 
increase  in  confusion  after  one  day. 

The  Section  then  adjourned. 

R.  H.  I^wiE, 

Secretary, 


SECTIOX  OF  ASTRONOMY,  PHYSICS  AND  CHEMISTRY 

26  April,  1915 

Under  the  auspices  of  the  Section  of  Astronomy,  Physics  and  (>hem- 
istiy,  a  general  meeting  of  the  Academy  and  its  Affiliated  Societies  was 
held  in  the  main  lecture  hall  at  the  American  Museum  of  Natural  His- 
tory at  8 :15  p.  m..  President  George  P.  Kunz  presiding. 

Tlie  following  lecture  was  presented: 

Arthur  L.Day,  The  Volcano  Kilauea  in  Action. 

Summary  of  Paper 

Dr.  Day  said  in  abstract :  This  work  is  concerned  chiefly  with  the  iden- 
tification of  and  the  reactions  between  the  gaseous  incredieuts  -aet  free  by 
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the  liquid  lava  at  Kilauea  during  the  summer  of  1912.  A  successful 
attempt  was  made  to  collect  these  gases  directly  from  the  liquid  lava  at 
a  temperature  of  1000°  before  they  reached  the  atmosphere.  The  collec- 
tion of  the  gas  before  it  has  become  altered  by  combustion  with  air  has 
proved  to  be  an  insurmountable  difficulty  hitherto,  whether  the  gases  were 
collected  in  tubes  for  analvsis  in  the  laboratory  or  studied  at  the  point 
of  emergence  with  the  spectroscope.  In  either  case,  the  gases  were  burned 
or  were  in  process  of  combustion,  and  therefore  could  not  reveal  either 
the  true  identity  or  the  original  relation  of  tlie  gases  participating  in 
volcanic  activity  below  the  surface.  This  is  the  first  time  that  unaltered 
volcano  gases  have  ever  been  obtained  for  study. 

In  go  far  as  the  present  reconnaissance  yields  final  results,  it  shows  that 
the  gases  evolved  from  the  hot  lava  at  the  Halemaumau  crater  are  Nj, 
H2O,  CO.,  CO,  SO2,  free  H  and  free  S ;  with  CI,  F  and  perhaps  NH3  in 
comparatively  insignificant  quantity.  No  argon  was  found,  nor  any  of 
the  other  rare  gases. 

The  main  conclusion,  upon  finding  this  group  of  gases  in  association  at 
1000°  or  higher,  is  that  they  cannot  be  in  equilibrium  at  that  temperature 
and  must  be  in  process  of  active  reaction  among  themselves ;  there  can  be 
no  equilibrium,  for  example,  between  free  sulphur  and  CO2,  nor  between 
free  hydrogen  and  SO2  or  COj. 

This  is  a  conclusion  of  rather  far-reaching  consequence,  for  it  must 
mean  that  the  relative  proportions  of  the  gases  are  constantly  in  process 
of  local  change — a  fact  which  is  supported  by  the  very  considerable  dif- 
ferences between  the  analyses  of  the  gases  contained  in  different  tubes 
which  were  filled  at  the  same  time.  Since  these  reactions  are  strongly 
exothermic,  it  also  follows  that  a  very  large  and  constantly  increasing 
amount  of  heat  is  set  free  during  the  rise  of  the  gases  to  the  surface.  In 
support  of  this  it  was  also  observed  that  when  the  quantity  of  gas  set  free 
was  large  the  temperature  of  the  liquid  lava  in  the  basin  was  higher 
(July  G.  1912,  1185°) ;  when  the  amount  of  discharged  gas  was  small  it 
was  lower  (June  13,  1912,  1070**),  the  quantity  of  lava  in  the  basin  re- 
maining substantially  the  same. 

Controverting  a  view  recently  put  forth,  H^O  was  found  to  be  present 
as  sucli  among  the  gases  set  free,  as  indeed  it  inevitably  must  be,  for  it 
has  long  been  known  that  free  hydrogen  in  association  with  SO,  and  COj 
will  reac:  to  form  water  at  these  temperatures. 

Xeither  hydrocarbons  nor  chlorine  in  appreciable  quantities  w^re  found. 

After  the  address,  a  collation  was  served  in  the  Eskimo  Hall.  This 
was  followed  l)y  a  reception  to  Dr.  Day,  and  the  Section  then  adjourned. 

E.  E.  Smith, 

Secretary, 
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BUSINESS  MEETING 

3  May,  1915 

The  Academy  met  at  8 :20  p.  m.  at  the  American  Museum  of  Natural 
Hisiorv,  President  George  F.  Kunz  presiding.  In  the  absence  of  the 
Recording  Secretary,  Professor  J.  F.  Kemp  was  appointed  Secretary  pro 
tern. 

The  minutes  of  the  last  business  meeting  were  read  and  approved. 
The  Academy  then  adjourned. 

J.  F.  Kemp, 
Secretary  pro  tern, 

SECTION  OF  GEOLOGY  AND  MINtiRALOGY 

3  May,  1915 

Section  met  at  8:25  p.  m.,  Vice-President  Charles  P.  Berkey  presiding. 
In  the  absence  of  the  Secretan,  Professor  J.  F.  Kemp  was  appointed 
Secretary  pro  iem. 

The  minutes  hi  the  last  meeting  were  read  and  approved. 
The  following  programme  was  offered : 

George  I.  Pinlay,  The  Ice  Fields  of  Puixce  William  Sound. 
C.  C.  Mook,  A  Study  of  the  Mokrison  Formation. 

Dr.  Mook's  paper  was  discussed  by  Professors  Kemp  and  Finlay. 
The  Section  then  adjourned. 

J.  P.  Kemp, 

Secretary  pro  Iem. 

SECTION  OF  BIOLOGY 

10  May,  1915 

Section  met  at  8:15  p.  .\r..  Vice-President  Raymond  C.  Osburn  pre- 
siding. 

T}ie  following  programme  was  then  offered: 

C.  H.  Townsend,  Report  on  the  Wokk  of  the  United  States 

Fisheries  Steamer  "Fish  Hawk^*  in  the 
Western  End  of  IjOng  Island  Sound  in  the 
Summer  of  1914. 

Baymond  C.  Osburn,  The  Geographic  Distribution  of  the  Bryozoa 

OF  THE  Atlantic  Coast  of  Xorth  America. 
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Dr.  Townsend  exhibited  motion  pictures  of  the  recent  biological  survey 
work  of  the  "Fish  Hawk^^  in  the  Long  Island  Sound.  Dredging  ap- 
paratus and  methods  were  illustrated.  The  fauna  of  the  muddy  bottom 
in  the  middle  of  the  Sound  was  also  illustrated  and  described.  It  in- 
cludes great  numbers  of  spider-crabs,  flounders  and  whelks  and  differs 
from  the  fauna  of  the  margins,  where  oyster-beds  abound. 

Dr.  Charles  B.  Davenport,  director  of  the  Carnegie  Station  for  Ex- 
perimental Evolution  at  Cold  Spring  Harbor,  Long  Island,  described  the 
fauna  of  the  brackish  waters  on  the  north  shores  of  Long  Island ;  here  are 
to  be  found,  along  with  fresh-water  forms,  a  number  of  salt-water  ani- 
mals, such  as  mussels,  Littorina  and  barnacles,  which  can  live  in  brackish 
water  only  when  they  can  get  purer  salt  water  at  high  tide. 

Professor  Kaymond  C.  Osbum  said  in  abstract:  Nearly  300  spojties 
of  Bryozoa  are  known  to  inhabit  the  coastal  shelf,  down  to  the  100-fathom 
line.  The  species  fall  for  the  most  part  into  three  groups:  1.  cosmopoli- 
tan species,  or  those  of  wide  range;  2.  northern  species,  often  circumpolar, 
which  range  southward  along  the  coast,  and  3.  tropical  species,  which 
range  northward  from  Florida.  Species  of  limited  distribution  also  occur 
here  and  there  along  the  coast. 

According  to  orders  and  distribution,  tlie  species  may  be  arranged  in 
the  form  of  a  table : 

Endo-       Cyclo-        Cteuo-       Chello- 
procta     stomata     stomata    stomata     Total 

Canada  and  northward 3  10  1  28  42 

Canada  and  ranging  south  to  Cape 

Cod 3  7  3  66  79 

Canada   and  ranging  south   to   Cape 

Hatteras 0  0  0  7  7 

Canada  and  ranging  south  to  Florida  .1  4  1  12  18 

Cape  Cod  to  Florida 10  15  7 

Cape  Hatteras  to  Florida 2  2  1  21  26 

Florida  2  5  2  70  79 

Cape  Cod  to  Cape  Hatteras 0  0  4  3  7 

Cape  Cod 2  0  3  2  7 

Cape  Hatteras 2  1  3  3  9 

Totals 16  23  19  216  291 

As  the  above  groups  are  mutually  exclusive,  this  gives  a  fair  idea  of  the 
distribution  of  the  several  orders. 

The  total  number  of  species  found  in  each  region  of  the  coast  is  as 
follows : 

Known  from  eastern  Canada 128 

Known  from  eastern  New  England,  Including  Cape  Cod 124 
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Known  from  Cape  Cod  to  Cape  Hatteras,  inclusive 122 

Known  from  Cape  Hatteras  and  south  to  Florida 189 

Known  from  Florida ISO 

It  will  thus  be  seen  that  there  is  a  fairly  even  distribution  along  the 
coast,  although  locally,  of  course,  some  regions  will  be  found  much  richer 
than  others. 

Species  of  the  north  may  run  into  well-marked  varieties  in  the  south, 
and  vice  versa.  Also  northern  species  of  the  shallow  waters  may  be  found 
only  in  deeper  waters  to  the  southward.  Two  well-marked  barriers  pre- 
sent themselves  along  the  coast,  viz..  Cape  Cod  and  Cape  Hatteras.  North 
of  Cape  Cod  the  fauna  is  typically  northern,  while  south  of  Cape  Hatteras 
it  is  tropical.  I^ess  than  20  species  from  south  of  Hatteras  range  from 
south  of  Cape  Hatteras  to  Cape  Cod. 

Charts  indicating  the  distribution  of  temperatures  at  the  surface  in 
summer  and  winter  and  at  100  meters,  a  current  chart  and  numerous 
species  of  Bryozoa  were  shown  by  means  of  the  lantern. 

The  Section  then  adjourned. 

William  K.  Gregory, 

Secretary. 

BUSINESS  MEETING 
17  May,  1915 

The  Academy  met  at  5 :44  p.  m.  at  the  American  Museum  of  Natural 
History,  Vice-President  Clark  AVissler  presiding. 

The  minutes  of  the  last  business  meeting  were  read  and  approved. 

The  following  candidate  for  Associate  Membership  in  the  Academy, 
recommended  by  Council,  was  duly  elected : 

E.  J.  Colony,  Cooper  Union  Institute. 

The  Recording  Secretary  reported  the  death  on  22  ^larch,  1915,  of 
Dr.  A.  A.  Hubrecht,  Honorary  Member  of  the  Academy  since  1896. 
The  Academy  then  adjourned. 

Edmund  Otis  Hovey, 

Recording  Secretary. 

BUSINESS  MEETING 
4  October,  1915 
The  Academy  met  at  8:15  p.  m..  President  George  F.  Kunz  presiding. 
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In  the  absence  of  the  Recording  Secretary,  Professor  D.  W.  Johnson 
was  appointed  Secretary  pro  tern. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

There  being  no  further  business  to  transact,  the  Academy  then  ad- 
journed. 

D.  W.  JOIIXSON, 
Secretary  pro  tern. 

SECTION  OF  GEOLOGY  AXD  MINERALOGY 

4  October,  1915 

Section  met  at  8 :20  p.  m.,  Vice-President  Charles  P.  Berkey  presiding. 
The  minutes  of  the  last  meeting  of  the  Section  were  read  and  approved. 
The  following  programme  was  then  offered : 

R.J.  Colony,  Petroguapiiic    Methods    Applied   to    the    Study   of 

Cement. 

Summary  of  Paper 

Mr.  Colony  said  in  abstract:  In  a  previous  paper  (Petn»irraphic  study 
of  Portland  cement;  School  of  Mines  Quarterly,  S-XXXVI,  1914)  the 
character  of  cement  clinker  has  been  briefly  discussed  from  a  petrographic 
standpoint,  and  the  fact  emphasized  that  while  the  components  of  the 
clinker,  Alit,  Belit  and  Celit,  have  a  mineral  identity,  they  are,  indi- 
vidually, complex  solid  solutions  composed  of  two  or  more  components 
each;  these  solid  solutions  may  vary  within  the  limits  of  solubility  of  the 
solute  in  each  case,  and  it  seems  quite  likely  that  such  variability  may 
affect  the  resulting  cement. 

It  was  also  pointed  out  that  when  cement  is  gaged  with  water  the  first 
products  of  the  reaction  which  follows  are  primary  crystalline  calcium 
hydrate  with  spherulitic  habit;  a  multitude  of  minute,  formless  isotropic 
grains  judged  to  be  hydration  products,  and  a  greater  or  less  amount  of 
primary  colloid  of  uncertain  composition  which  co-precipitates  with  the 
spherulitic  calcium  hydrate,  the  resulting  structure  being  minutely  lamel- 
loid.  A  secondary  reaction  then  takes  place  between  these  components, 
which  form  a  dense,  structureless  constituent,  called  the  amorphous  con- 
stituent proper. 

It  was  also  stated  that  secondary  calcium  hydrate  which  later  forms  in 
various  situations,  especially  in  voids  and  cavities,  was  hexagonal,  uniaxial 
and  optically  negative. 

Further  study  of  numerous  thin  sections  of  cement  and  concrete,  in 
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"Some  of  which  this  component  appeared  in  particularly  favorable  develop- 
ment, proves  calcium  hydrate  to  be  pseudo-hexagonal  and  pseudo-uniaxial. 
It  is  actually  biaxial,  with  a  very  small  optic  angle,  possesses  good  basal 
<?leavage,  and  is  probably  monoclinic  in  crystallization,  being  strikingly 
similar  to  the  micas  in  form. 

It  seems  to  be  further  demonstrated  that  the  amorphous  constituent 
itself  is  variable  in  character,  differing  in  different  cements,  and  the  de- 
parture from  what  may,  for  the  moment,  be  called  the  normal,  is  appar- 
•ently  a  function  of  its  inability  to  resist  the  action  of  agents  of  disintegra- 
tion; this  interpretation  is  tentative,  however,  pending  further  investi- 
gation. It  follows,  from  this,  that  the  amorphous  constituent  should  be 
interpreted  with  caution,  the  mere  fact  of  its  presence  not  being  sufficient 
to  indicate  that  the  cement  in  question  would  be  suitable  for  use  in 
situations  exposed  to  the  action  of  water. 

It  also  seems  apparent  that  the  character  and  development  of  this  con- 
stituent is  affected  by  the  quantity  of  water  used  in  making  the  concrete, 
And  possibly  by  other  factors  not  yet  determined,  so  that  its  formation 
may  be  partially  or  even  completely  suppressed,  leaving  relatively  large 
Amounts  of  primary  crystalline  calcium  hydrate  unchanged — a  condition 
which  renders  the  concrete  extremely  susceptible  to  the  action  of  various 
agents  of  disintegration. 

Defective  concrete,  taken  from  actual  structures,  the  disintegration  of 
^hich  was  traced  to  this  cause,  was  briefly  discussed. 

The  paper  proved  of  exceptional  interest  and  elicited  much  favorable 
■criticism.  Dr.  George  F.  Kunz,  Mr.  Nathan  Johnson,  Mr.  Charles  Hoad- 
ley,  Mr.  Benjamin  Howes,  Professor  T.  H.  Ogilvie,  Mr.  F.  K.  Morris, 
Professor  G.  I.  Finlay  and  Professor  C.  P.  Berkey  paii;icipated  in  a  dis- 
-cussion  to  which  more  than  thirtv-five  contributions  were  made. 

The  Section  then  adjourned. 

Douglas  W.  Johnson', 

Secretary. 

BUSINESS  MEETING 
11  October.  1915 

The  Academy  met  at  5 :30  p.  m.  at  the  American  Museum  of  Natural 
History,  President  George  F.  Kunz  presiding.  In  the  absence  of  the 
l?ecording  Secretary,  Dr.  H.  E.  Crampton  was  appointed  Acting  Record- 
ing Secretary.    . 

The  minutes  of  the  last  business  meeting  were  read  and  approved. 
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The  following  candidates  for  membership  in  the  Academy,  recom- 
mended by  Coimcil,  were  duly  elected : 

Active  Membership 

P.  Maxwell  Foshay,  34  Nassau  Street, 

A.  J.  Goldfarb,  College  of  the  City  of  New  York, 

Hermann  J.  Muller,  Columbia  University, 

J.  T^on  Williams,  220  West  42nd  Street. 

The  Acting  Recording  Secretar}'  reported  the  following  deaths : 

James  C.  Fargo,  Active  Member  of  the  Academy  since  1878,  died  8 
February,  1915, 

Thomas  H.  Hubbard,  Life  Member  of  the  Academy  since  1906,  died 
19  August,  1915, 

Albert  Plant,  Active  Member  of  the  Academy  since  1910,  died  17 
June,  1915, 

Samuel  Thome,  Active  Member  of  the  Academy  since  1899,  died  4 
July,  1915, 

Charles  T.  Wills,  Active  Member  of  the  Academy  since  1897,  died 
31  August,  1915. 

The  Academy  then  adjourned. 

Henry  E.  Crampton^ 

Acting  Recording  Secretary. 

SECTION  OF  BIOLOGY 

11  October,  1915 

Section  met  at  8:16  p.  m..  Professor  H.  von  W.  Schulte  presiding- 
The  following  programme  was  then  offered : 

A.  J.  Goldfarb,  Experimentally  Grafted  Organisms:  A  Report  of 

Recent  Researches. 

Professor  Ooldfarb  said  in  abstract:  The  work  of  Roux,  Morgan,. 
Driesch  and  others  has  raised  numerous  problems  relating  to  the  pro- 
duction of  half  embryos  from  half  eggs,  half-size  embryos,  giant  embryos 
and  other  abnormal  forms.  Since  1910  the  speaker  had  been  experiment- 
ing  with  sea-urchin  eggs.  By  dissolving  off  the  fertilization  membrane 
and  bringing  the  eggs  into  contact,  fusion  had  taken  place  in  varying 
degrees,  ranging  from  slight  adhesion  to  complete  union  of  two  eggs  into 
one.     From  such  more  or  less  united  eggs  develop  larvae  that  lack  certain 
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parts.  Close  examination  of  the  anatomy  of  these  larvae  usually  reveals 
the  character  and  extent  of  the  fusion  of  the  eggs  that  produced  them. 
In  general  the  extent  of  the  morphological  disturbance  in  experimentally 
grafted  organisms  was  proportional  to  the  area  of  the  surfaces  brought 
into  contact. 

The  paper  was  discussed  bv  Doctors  TJhlenhut,  Biddle,  Pike  and 
Schnlte. 

The  Section  then  adjourned. 

William  K.  Gregory, 

Secretary, 

SECTION  OF  ASTRONOMY,  PHYSICS  AND  CHEMISTRY 

18  October,  1915 

Section  met  at  8 :15  p.  m.,  Vice-President  Charles  Baskerville  presid- 
ing. 

The  minutes  of  the  last  meeting  of  the  Section  were  read  and  approved. 
The  following  programme  was  then  offered : 

J.  C.  Olsen,   Electrolytic  Method  of  Sewage  Disposal. 
H.  V.  Amy,  Standardized  Colored  Fluids. 

Summary  of  Papers 

Professor  Olsen  said  in  abstract:  The  method  described  has  been  in 
operation  at  Elmhurst,  Borough  of  Queens,  City  of  New  York,  for  abont 
a  year  and  a  half.  An  experimental  apparatus  of  25,000  gallons  daily 
capacity  was  first  installed  and  tested.  The  results  were  so  satisfactory 
that  a  half  million  gallon  unit  was  installed  and  has  been  in  operation 
for  about  six  months. 

The  machine  contains  over  a  thousand  iron  plates  which  act  as  elec- 
trodes. The  sewage  passes  in  thin  sheets  between  the  plates.  Rotating 
paddles  between  the  plates  serve  to  remove  any  deposits  which  may  form 
and  short  circuit  the  current.  The  current  used  is  about  30  amperes  and 
80  volts. 

The  sewage  first  passes  through  a  one-fourth  inch  screen,  then  through 
the  electrolytic  machine,  after  which  milk  of  lime  is  added.  It  then 
passes  through  four  sedimentation  tanks. 

The  electrolysis  produces  about  2  c.  c.  of  anodic  oxygen  per  liter  of 
sewage.  This  oxygen  acts  upon  the  dissolved  organic  matter  in  the  sew- 
age. The  current  also  precipitates  colloidal  matter  dissolved  in  the  sew- 
age.   When  the  lime  is  added  to  the  electrolyzed  sewage,  heavy  flocks  are 
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produced  which  consist  of  lime  and  organic  matter.  After  the  precipi- 
tated matter  has  been  allowed  to  settle,  an  effluent  is  obtained  which  is 
clear,  colorless  and  free  from  suspended  matter.  The  bacterial  content 
is  low,  generally  only  a  few  hundred,  and  decreases  on  standing.  The 
dissolved  oxygen  is  high  and  very  rapidly  rises  to  about  80  per  cent. 
There  is  no  odor  whatever,  the  effluent  being  entirely  stable  and  suitable 
for  discharge  into  any  stream.  There  is  no  odor  or  nuisance  whatever 
about  the  plant,  which  may  be  placed  at  any  sewer  outlet.  About  one- 
half  ton  of  lime  is  used  per  million  gallons  of  sewage,  the  cost  of  lime 
and  electric  current  being  about  $10  per  million  gallons  of  sewage. 

Professor  Amy  gave  a  demonstration  consisting  of  an  exhibition  of 
three  sets  of  standard  colored  fluids,  designated  as  the  *'Co-Fe-Cu,"  the 
*'Co-Cro-Cu"  and  the  "Cro-Manganate''  blends. 

The  ^To-Fe-Cu"  tints  have  as  their  basis  red  acidulated  half-normal 
cobalt  solution  containing  59.49  grammes  of  cobalt  chloride  CoCLGIIjO 
to  the  liter,  the  solvent  being  1  per  cent,  hydrochloric  acid ;  yellow  acidu- 
lated half-normal  ferric  solution,  containing  45.05  grammes  of  ferric 
chloride  FeClgGHjO  to  the  liter,  the  solvent  being  1  per  cent,  hydro- 
chloric acid  and  blue  acidulated  half-normal  copper  solution  containing 
62.43  grammes  of  copper  sulphate  CUSO45H2O  to  the  liter,  the  solvent 
being  1  per  cent,  hydrochloric  acid. 

The  ^^Co-Cro-Cu"  tints  are  prepared  from  ammoniacal  solutions  of  the 
three  elements  mentioned,  the  solvent  in  each  case  being  2.8  per  cent, 
ammonia  water.  These  consist  of  red  ammoniacal  fiftieth-normal  cobalt 
solution  containing  2.7  grammes  of  roseo-cobaltic  chloride  COClgSNIIg- 
HoO  to  the  liter;  yellow  ammoniacal  fiftieth-normal  chromium  solution 
containing  0.420  grammes  of  ammonium  dichromate  (NH4)2Cr207  to 
the  liter;  blue  ammoniacal  fiftieth-normal  copper  solution  containing  the 
equivalent  of  2.496  grammes  of  copper  sulphate  to  the  liter.  Details  con- 
cerning the  preparation  of  these  "Co-Cro-Cu"  fluids  and  their  blends 
will  be  found  in  an  article  by  H.  V.  Arny  and  C.  H.  Ring  in  the  Journal 
of  the  Franklin  Institute  for  August,  1915. 

The  blending  of  the  acidulated  fluids  to  make  the  "Co-Fe-Cu"  tints 
and  of  the  ammoniacal  fluids  to  make  the  ^'Co-Cro-Cu''  hues  can,  of 
course,  be  performed  in  any  proportion  that  fancy  suggests.  The  91 
samples  of  each  series  which  were  exhibited  included  the  possible  blends 
produced  in  making  12  c.  c.  of  finished  fluid  when  the  ingredients  are 
mixed  in  even  (non-fractional)  cubic  centimeter  quantities.  The  nomen- 
clature devised  is  of  the  simplest  kind.  Thus  the  original  red  fluid  is 
'^R.Y.B.  12-0-0,"  the  original  yellow  is  "ll.Y.B.  0-12-0"  and  the  original 
blue  is  "R.Y.B.  0-0-12."    The  sample  designated  as  "R.Y.B.  6-6-0"  will, 


RECORbii  OF  MEtynsoH  429 

of  course,  be  an  orange  hue;  that  called  "R.Y.B.  0-6-6'^  will  be  green, 
while  "R.Y.B.  6-0-6"  has  a  purplish  hue. 

That  the  intensity  of  color  of  each  of  the  three  basic  fluids  is  about  the 
same  is  shown  by  the  fact  that  "R.Y.B.  4-4-4"  closely  approached  both  in 
the  "Co-Fe-Cu,"  and  in  the  "Co-Cro-Cu"  series  the  ^'neutral  gray,"  which 
is  the  nearest  that  blended  reds,  yellows  and  blues,  can  approach  to  pure 
white  in  solids  or  transparent  colorlessness  in  fluids. 

As  to  the  permanency  of  these  fluids,  the  original  acidulated  cobalt, 
iron  and  copper  solutions  and  their  blends  neither  fade  nor  precipitate 
to  a  perceptible  degree  until  at  least  two  years  old;  the  ammoniacal  co- 
balt and  chromium  solutions  have  now  been  under  observation  for  over  a 
year  without  any  fading  being  detected.  The  ammoniacal  copper,  on  the 
other  hand,  unless  kept  sealed,  precipitates  and  consequently  imdergoes 
color  change  after  a  few  weeks.  .However,  the  ammoniacal  copper  solu- 
tion is  in  practice  prepared  extemporaneously  by  diluting  the  permanent 
half-normal  acidulated  copper  solution  to  flftieth-normal  strength  by 
addition  of  ammonia  water  and  water,  hence  the  preparation  of  the  "Co- 
Cro-Cu"  blends  is  merely  a  matter  of  mixing  solutions  that  can  be  kept 
in  stock  for  months  without  deterioration. 

As  to  the  practical  application  of  these  fluids,  it  has  been  found  that 
in  a  properly  conducted  Nessler  test  an  ammonia  dilution  representing  a 
nitrogen  content  of  1  to  500,000  matched  the  '"Co-Fe-Cu"  blend  3-9-0, 
when  this  half-normal  mixture  was  diluted  to  ^^50  per  cent"  of  its  origi- 
nal strength  by  addition  of  an  equal  volume  of  water;  that  the  color  of 
the  phenol-sulphonic  acid'  test  for  nitrates,  when  the  nitrogen  content 
was  1  in  500,000,  was  matched  by  "Co-Fe-Cu"  blend  0-12-0  when  this 
was  diluted  to  "66  per  cent."  strength;  that  the  molybdate  assay  for 
phosphoric  acid,  1  in  20,000,  gave  a  yellow  color  exactly  matched  by  "Co- 
Cro-Cu  0-12-0"  diluted  to  "15  per  cent."  strength;  that  Folm's  vanillin 
test,  when  the  vanillin  content  was  1  in  100,000,  gave  a  color  matched 
by  "Co-Cro-Cu"  blend  3-3-10 ;  that  Riegler's  uric  acid  test  of  a  uric  acid 
content  of  1  in  40,000  had  the  same  tint  as  "Co-Cro-Cu"  blend  2-2-8, 
and  that  a  salicvlic  acid  dilution  of  1  in  50,000,  when  treated  with  the 
proper  amount  of  ferric  chloride  solution,  produced  a  color  exactly 
matching  "Co-Cro-Cu"  blend  7-1-5  that  had  been  diluted  to  65  per  cent, 
strength. 

The  two  sets  of  colored  fluids  "Co-Fe-Cu"  and  "Co-Cro-Cu"  fail 
when  it  comes  to  certain  shades  of  red.  Thus  the  color  produced  in  the 
naphthylamine-sulphanilic  acid  test  for  nitrites  had  no  match  in  the 
pink  fluids  of  the  two  sets  of  standard  blends.  This  led  to  the  study  of 
other  possible  standard  fluids  that  would  supply  the  hues  not  attained  by 
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the  two  sets  of  blends  just  mentioned,  and  these  were  found  in  two  solu- 
tions kept  in  every  well  equipped  analytical  laboratory — ^the  volumetric 
solutions  of  potassium  dichromate  and  potassium  permanganate. 

An  investigation  of  these  fluids  showed  that  a  one-thousandth  normal 
permanganate  volumetric  solution  containing  0.0313  grammes  of  KMn04 
to  the  liter  has  about  the  same  intensity  of  color  as  a  one-hundredth  nor- 
mal dichromate  solution  containing  0.487  grammes  of  KjCrgOy  to  the 
liter  and  blends  of  these  two  fluids  are  designated  as  to  "Cro-Manganate" 
tints.  As  might  be  expected,  these  blends  are  extremely  unstable  and 
must  be  used  for  matching  within  one  or  two  hours  after  mixing. 

Comparing  blends  of  these  with  the  nitrite  test  mentioned  above,  it 
was  found  that  the  tint  produced  by  a  nitrite  dilution  representing  1 
part  of  nitrogen  in  10  million  was  matched  by  the  standard  "Cro-Man- 
ganate"  blend  15-1  diluted  to  55  per  c^nt. 

The  Section  then  adjourned.  E.  E.  Smith, 

Secretary. 

SECTIOX  OF  ANTHROPOLOGY  AND  PSYCHOLOGY 

25  October,  1915 

• 

Section  met  in  conjunction  with  the  American  Ethnological  Society, 
Vice-President  Clark  Wissler  presiding. 
The  following  programme  was  offered : 

Marshall  H,  Saville,  Field  Activities  of  the  Museum  of  the  Amer- 
ican Indian,  1915. 

Professor  Saville  outlined  the  operations  carried  on  under  the  auspices 
of  Mr.  George  G.  Heye  during  the  past  year.  The  work  achieved  was 
both  archeological  and  ethnological  and  embraced  South  America  as  well 
as  North  America.  Somatological  material  is  not  to  be  installed  by  the 
Museum,  but  is  turned  over  to  the  National  Museum  in  Washington, 
D.  C.  The  speaker  summarized  the  investigations  carried  on  by  himself, 
Mr.  Theodor  de  Booy  and  others,  illustrating  his  lecture  with  slides. 

The  Section  then  adjourned. 

Robert  H.  Lowie, 

Secretary. 

BUSINESS  MEETING 

1  November,  1915 

The  Academy  met  at  8:15  p.  m.  at  the  American  Museum  of  Natural 
History,  Vice-President  Charles  P.  Berkey  presiding. 
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The  minutes  of  the  last  business  meeting  were  read  and  approved. 
The  following  candidates  for  membership  in  the  Academy,  recom- 
mended by  Council,  were  duly  elected : 

Active  Membership 
Lee  M.  Hurd,  15  East  48th  Street. 

Associate  Membership 
R.  S.  Knappen,  Columbia  University. 

The  Acting  Recording  Secretar}'  reported  the  following  deaths : 

James  Geikie,  Honorary  Member  of  the  Academy  since  1901, 
Sir  David  Gill,  Honorary  Member  of  the  Academy  since  1898. 

The  Academy  then  adjourned. 

Henry  E.  Crampton, 

Acting  Recording  Secretary. 

SECTION  OP  GEOLOGY  AND  MINERALOGY 

1  November,  1916 

Section  met  at  8 :20  p.  m.,  Vice-President  Charles  P.  Berkey  presiding. 
The  minutes  of  the  last  meeting  of  the  Section  were  read  and  approved. 
The  following  programme  was  then  offered : 

W.  D.  Matthew,      New  Fossil  Probosoidea. 

Ida  H.  Ogilyie,       Field  Observations  on  the  Iowan  Problem. 

F.  K.  Morris,  Geology  of  the  Camp  Columbia  Region. 

S.H.  Knight,  Field  Researches  on  the  Red  Beds  op  South- 

eastern Wyoming. 

D.B.  Semmes,         Field  Work  in  the  San  Juan  District,  Porto 

Rico. 

E.T.Hodge,  Field  Studies  in  the  Coamo-Guayama  Region, 

Porto  Rico. 

Chester  A.  Seeds,  Fossil  Collecting  in  Porto  Rico. 

Summary  of  Papers 

Dr.  Matthew  described  somo  new  fossil  Probosoidea  discovered  by 
Professor  Barbour  of  the  University  of  Nebraska.  With  the  aid  of  lan- 
tern slides,  Dr.  Matthew  showed  a  numlKjr  of  Professor  Barbour's  speci- 
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mens  and  drawings,  illustrating  the  stages  of  development  of  this  inter- 
esting group. 

Miss  Ogilvie  said  in  abstract:  Only  about  thirty-five  years  ago  the 
controversy  was  going  on  as  to  whether  there  was  really  an  ice  age.  That 
question  was  hardly  settled  when  the  problem  of  two  ice  ages  came  to  the 
front.  One  by  one  ice  ages  were  added,  until  at  the  beginning  of  the 
present  century  we  had  six  described  and  named,  and  naturally  there 
were  corresponding  interglacial  stages.  The  six  ice  ages,  with  their 
corresponding  interglacial  ages,  have  been  incorporated  in  our  text-books 
and  seemed  to  be  passing  into  tradition  when  in  1909  Mr.  Prank  Leverett 
raised  the  question  as  to  whether  one  of  them  really  existed.  He  did  not 
specifically  attack  the  lowan  age,  but  in  a  paper  on  the  correlation  of 
American  and  European  glacial  deposits  he  left  it  out.  In  the  various 
papers  which  he  and  others  have  written  there  have  been  various  lines  of 
attack,  and  various  conclusions  have  been  reached  as  to  what  the  lowan 
drift  is.  Briefly,  these  were :  that  it  is  the  weathered  top  of  the  Kansan ; 
that  it  is  contemporaneous  with  the  lUinoian,  coming  from  the  Kewatin 
center  at  the  time  that  the  Illinoian  came  from  the  Tjaurentide ;  that  it 
is  an  interglacial  deposit,  formed  contemporaneously  with  the  loess.  The 
controversy  was  complicated  by  the  fact  that  the  only  complete  glacial 
maps  of  the  region  were  those  published  by  McGee  in  the  Eleventh  An- 
nual Report  U.  S.  Geological  Survey,  in  which  only  two  ice  ages  were 
reco^ized.  These  upper  and  lower  drifts  are  in  some  places  the  sub- 
Aftonian  and  the  Kansan,  and  in  others  the  Kansan  and  the  lowan. 
Samuel  Calvin,  to  whom  we  owe  most  of  our  knowledge  of  Iowa  Pleisto- 
cene geology,  always  defended  the  existence  of  the  lowan  as  a  separate 
age,  his  death  unfortimately  occurring  before  the  question  was  settled. 

Feeling  that  this  question  of  the  number  of  ice  ages  is  the  most  im- 
portant problem  in  glacial  geology  to-day,  I  visited  the  typical  lowan 
area.  Having  seen  it,  I  feel  convinced  that,  w^hatever  the  lowan  is  or 
is  not,  it  is  not  identical  with  the  Kansan.  The  Kansan  drift  is  blue  and 
clayey,  the  lowan  yellow  and  powdery,  but  w^ith  huge  granite  boulders. 
They  often  occur  together,  with  the  Buchanan  gravel  between,  and  there 
is  no  question  but  that  two  drifts  are  there.  The  topography  of  the 
lowan  surface  is  young;  it  is  for  the  most  part  a  nearly  flat  plain  with 
very  gentle  undulations.  The  Kansan  (in  places  where  it  was  never 
covered  by  the  lowan)  is  much  more  deeply  eroded,  rivers  having  cut 
through  it  and  made  gorges  in  the  rock  below.  The  low^an  drift  is  unac- 
countably absent  from  many  places,  and  is  never  thick.  In  the  various 
cuts  and  gravel  pits  where  I  saw  it,  it  was  never  more  than  seven  feet  in 
thickness,  and  usually  less.     Its  borders  grade  into  loess,  and  the  origin 


\ 


RECORDS  OF  MEETINGS  433 

and  history  of  the  loess  add  a  complication  to  the  problem.  The  best 
evidence  that  I  saw  that  the  lowan  was  really  a  distinct  ice-advance,  and 
later  than  the  Kansan,  was  in  a  cut  of  the  interurban  line  that  runs  from 
Iowa  City  to  Cedar  Eapids.  Here  the  Kansan  lies  below,  blue  and  clayey 
and  slightly  weathered  on  top.  Above  this  lies  the  Buchanan  (=  Sanga- 
mon) interglacial  gravel.  This  is  highly  oxidized  and  ranges  in  texture 
from  fine  flour  up  to  pebbles  six  or  eight  inches  in  diameter.  It  is  roughly 
stratified,  is  partly  cemented  by  iron  oxides  and  is  brown  and  black  in 
color.  This  gravel  and  the  surface  of  the  Elansan  below  is  thrown  into 
a  series  of  folds,  the  stratification  lines  following  the  folds.  These  con- 
tortions can  only  be  explained  by  a  thrust  of  some  kind,  and  as  folding  in 
the  deep-seated  sense  is  out  of  the  question,  they  must  be  due  to  pressure 
from  ice.  The  Kansan  also  suggests  having  been  overridden  by  ice,  in 
that  it  has  a  series  of  prominent  joint  cracks  dipping  toward  the  west 
and  suggesting  pressure  from  that  direction.  On  top  of  the  folded  beds 
lie  undisturbed  drift,  of  the  vellow  color  characteristic  of  the  lowan.  It 
is  about  two  feet  thick  across  the  top  of  the  folds,  but  toward  the  western 
end  of  the  section  the  upper  till  and  the  Buchanan  gravel  together  dip 
toward  the  west,  the  till  thickening  to  about  seven  feet.  Westward  it 
grades  into  fossiliferous  loess,  the  boundary  between  loess  and  lowan  drift 
being  almost  impossible  to  draw.  There  seems  no  doubt,  then,  that  there 
was  a  glaciation  in  Iowa  later  than  the  Kansan;  the  highly  weathered 
character  of  the  Buchanan  points  to  a  long  period  of  deglaciation  and 
hence  to  a  complete  retreat  of  the  ice  at  that  time.  The  question  of 
whether  the  lowan  may  be  contemporaneous  with  the  lllinoian  is  more 
difficult  to  prove.  Since  the  lowan  ice  came  from  the  Kewatin  center 
and  the  lllinoian  from  the  Laurentide,  any  comparison  of  material  would 
be  futile.  And  as  Leverett  has  pointed  out,  a  comparison  of  the  stage  of 
erosion  of  two  places  has  little  significance  unless  they  are  nearer  than 
the  localities  in  question.     So  this  phase  of  the  question  is  still  unsettled. 

Mr.  Semmes  said  in  abstract:  During  the  summer  of  1915  the  N'ew 
York  Academy  of  Sciences,  in  connection  with  the  Insular  Government 
of  Porto  Eico,  undertook  a  careful  geological  survey  of  a  section  of  the 
island  extending  north-south  from  longitude  66°  06'  to  66°  27',  or  ap- 
proximately from  the  city  of  San  Juan  to  a  point  about  twenty  miles  to 
the  west.  The  writer  was  assigned  the  northern  half  of  this  section,  an 
area  extending  as  far  south  as  the  town  of  Barranquitas. 

On  arriving  in  the  field,  a  topographic  map  on  the  scale  of  two  inches 
to  the  mile  and  250'  contour  interval  was  first  made,  as  a  basis  for  geo- 
logical observations. 
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The  areal  geology  of  the  district  was  next  studied.  The  formations 
were  generally  subdivided  as  follows : 

Younger  series : 

Beeent  deposits — ^alluvium — San  Juan  lime  sand. 
Tertiary  deposits — limestones  and  shales. 

Older  series : 

A  complex  of  pyroclastic  tuffs,  ashes  and  breccias  grading  into  essen- 
tially hydroclastic  sandstones,  shales,  conglomerates  and  lime- 
stones, intruded  by  numerous  igneous  masses  of  great  variety,  all 
of  which  are  probably  pre-Tertiary. 

The  areas  of  economic  importance  are : 

The  gold  mines  south  of  Corozal. 

Auriferous  quartz  stringers  in  the  older  series,  usually  occurring  in 
fractured  tuffs. 

The  gold  placers  near  Corozal. 

The  streams  in  this  vicinity  afford  some  gold  and  occasional  particles 
of  platinum. 

The  copper  prospects  in  the  barrio  of  Pasto. 

Impregnations  along  crushed  zones  in  a  porphyritic  intrusion. 

Since  returning  from  the  field  the  writer  has  been  engaged  in  a  micro- 
scopic study  of  the  petrogenetic  relations  of  the  various  formational  units 
and  in  the  determination  of  the  more  important  fossils  collected  in  the 
Tertiary  formations. 

Mr.  Hodge  discussed  the  physiographic  history  of  the  Coamo-Onayama 
district  located  on  the  south  central  portion  of  Porto  Rico  and  which 
recorded  the  following  events :  (1)  peneplanation,  (2)  burial,  (3)  uplift 
and  development  of  a  consequent  drainage  on  the  limestone  coastal  plain 
which  covered  part  of  the  island,  (4)  attempt  on  the  part  of  streams  to 
attain  structural  adjustment,  and  finally,  (5)  recent  uplift.  Because  of 
deep  residual  soil,  few  outcrops  and  absence  of  fossils,  accurate  detailed 
etratigraphic  correlation  proved  impossible,  but  in  a  large  way  the  rocks 
have  been  grouped  and  their  succession  worked  out.  The  bedded  forma- 
tions, aside  from  minor  irregularities,  dip  GO^-TO®  south  and  strike  north 
40®  west  throughout  most  of  the  area,  excepting  the  southeast  portion 
where  they  assume  a  synclinal  structure.  The  most  characteristic  feature 
of  the  area  consists  of  the  hundreds  of  separate  and  distinct  intrusions 
and  extrusive  rocks  with  their  associated  tuffs  and  breccias.  These  pyro- 
genic  rocks  are  mostly  of  an  andesite  composition  and  all  highly  altered 
to  carbonates,  so  much  so  that  previous  workers  have  considered  many  of 
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them  limestones.  In  this  district  occur  a  group  of  thermal  springs  which 
are  directly  related  to  a  great  fault.  It  is  of  interest  in  this  connection 
to  note  that,  aside  from  those  in  the  Tertiary  limestones  (which  have  no 
bearing  on  this  problem)  the  only  true  springs  in  Porto  Rico  are  thermal 
springs — three  in  number — ^related  to  fault  zones. 

Dr.  Beeds  said  in  abstract:  During  June  and  July,  1915,  two  members 
of  the  staff  of  the  American  Museum  of  Natural  History — Dr.  Chester  A. 
Beeds,  in  charge,  and  Mr.  Prentice  B.  Hill,  interpreter  and  assistant — 
collected  fossils  in  Porto  Rico  under  the  auspices  of  the  New  York  Acad- 
emy of  Sciences  and  the  Porto  Rican  Government. 

The  collecting  was  confined  almost  entirely  to  the  sedimentary  beds  of 
the  "older"  and  "youngei*^'  series  defined  by  Professor  Berkey*  in  his 
report,  "Geological  Recomiaissance  of  Porto  Rico."  It  was  conducted 
from  the  following  centers :  Aguadilla,  San  Sebastian,  Juana  Diaz,  Ponce, 
Yauco,  San  German,  Arecibo  and  San  Juan. 

The  most  prolific  localities  in  the  "younger"  series  were  as  follows :  the 
CoUazo  River  and  vicinity  near  San  Sebastian;  the  railroad  cut,  west 
abutment  of  the  American  Railroad  bridge  over  the  Guajataca  River,  near 
Quebridillas ;  the  shale  and  limestone  exposures  to  the  northwest  and 
southwest  of  Juana  Diaz  on  the  Jacaguas  River;  on  the  Ponce-Penuelas 
road  4  km.  west  of  Ponce;  at  Km.  25  and  exposures  in  the  river  bank 
north  of  Guayanilla;  the  east  wall  of  Guanica  harbor;  on  the  Arecibo- 
Utuado  road  at  various  places  between  Km.  66  and  72 ;  and  on  the  Manati- 
Ciales  road  between  Eon.  1-2  and  at  Km.  9. 

Fossils  were  collected  from  the  dense  limestones  of  the  "older"  series 
of  the  basal  complex  at  the  following  localities :  from  the  exposures  to  the 
northwest  and  southeast  of  the  Guayabal  Reservoir;  at  and  near  the 
bridge  over  the  Descalabrado  River  on  the  road  from  Juana  Diaz  to 
Coamo;  between  Coamo  Springs  and  the  Coamo  Reservoir;  at  various 
points  along  the  road  from  Ponce  to  Adjuntas;  near  Penuelas;  at  Km. 
35  on  the  Yauco-Sabana  Grande  road;  from  the  hill  to  the  south  of 
Yauco;  at  Ensenada  and  from  various  places  1-5  kilometers  northwest  of 
Ensenada ;  at  San  German ;  on  the  road  to  Lajas ;  at  Lajas ;  at  Parguera ; 
on  the  island  off  the  coast  and  from  the  hills  back  of  Parguera ;  from  La 
Muda;  and  from  Trujillo  Alto. 

The  collection  when  shipped  from  San  Juan  consisted  of  35  boxes, 
weighing  approximately  3100  pounds.  It  contains  10,000  to  12,000 
specimens.  About  10  per  cent,  are  rock  specimens  and  90  per  cent,  in- 
vertebrates. Only  a  dozen  fragmentary  specimens  of  vertebrate  fossils 
were  found.     The  specimens  have  been  unpacked  at  the  American  Mu- 

♦Berkey.  r.  P.:   Annals  N.  Y.  Acad.  Scl.,  Vol.  20.  pp.  1-70,  pis.  1-3,  1915. 
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seum  of  Natural  History  and  about  one  half  washed  and  sorted  as  to 
classes. 

The  vertebrate  remains  have  been  turned  over  to  Dr.  D.  W.  Matthew 
of  the  American  ^fuseum  of  Natural  Histor}-  for  identification  and  de- 
scription. In  a  jawbone  with  three  teeth  and  two  vertebra?  he  has  identi- 
fied ?  Ildliiherium  anlillense  n.  sp.  a  primitive  cetacean  with  European 
affinities. 

In  addition  to  the  large  collection  of  specimens,  one  hundred  and 
forty-seven  excellent  photographs  were  secured. 

The  Section  then  adjourned. 

D.  W.  JOHNSOX, 

Secretary, 
SECTION  OF  BIOLOGY 

8  NOVEMBKR,  1915 

Section  met  at  8:15  p.  m..  Dr.  F.  A.  Lucas  presiding. 

At  the  request  of  the  Secretary  a  committee  was  appointed  by  the 
Chair  to  examine  and  correct  the  minutes  of  the  Section  for  the  last  year, 
for  printing  in  the  Records  of  Meetings.  The  Chair  appointed  Doctors 
Matthew  and  Schulte. 

The  following  nomination  for  1916  was  made  and  approved  for  trans- 
mission  to  the  Council : 

For  Vice-President  of  the  Academy  and  Chairman  of  the  Section, 
Professor  Hermann  von  W.  Schulte,  Columbia  tTniversity. 

Dr.  William  K.  Gregory  was  elected  Secretary  for  the  year  1916. 

The  following  programme  was  then  offered : 

Chester  A.  Reeds,  Porto  Bican   Localities  Yielding   Vertebrate 

Fossils. 
J^.  A.  Allen,  An  Extinct  Octodont  from  the  Island  of  Porto 

Bico. 
W.  D.  IMbtthew,      A  New  Sirenian  from  the  Tertiary  of  Porto 

Bico. 
C.  R.  Eastman,        Beport  of  Investigation  on  Palaeozoic  Fishes. 

Dr.  Reeds  said  in  abstract:  The  better  known  localities  in  Porto  Bico 
yielding  vertebrate  fossils  are  two  in  number,  namely,  San  Sebastian  and 
Juana  Diaz.  These  towns  are  situated  on  opposite  sides  of  the  central 
basal  complex,  constituting  the  "older  series"  as  defined  by  Professor 
Berkey*  in  his  report,  *'Beconnaissance  of  Porto  Bico."     Xear  these  towns 

»  Berkey.  C.  P. :  ADnals  N.  Y.  Acad.  Scl.,  VoL  26,  pp.  1-70,  1915. 


RECORDS  OF  MEETINGS  437 

there  are  exposures  of  lignitie  shales  and  white  limestone  of  the  "younger 
series"*  which  rest  unconformably  upon  the  *^older  series"  and  which  are 
of  Lower  or  Middle  Tertiary  age.  In  each  locality  vertebrate  fqssils  have 
been  found  associated  with  unquestioned  marine  invertebrates  in  both 
the  basal  lignitie  shales  and  the  overlying  Arecibo  limestone. 

Professor  Berkey  has  referred  to  these  basal  lignitie  shales  as  a  part 
of  the  Arecibo  formation.^  It  may  be  proved  in  the  end  that  they  should 
be  so  classed,  but  for  the  present  it  will  be  well  to  separate  the  shales  from 
the  limestone  and  use  other  names  in  referring  to  them.  The  name  Col- 
lazo  is  here  applied  to  the  lignitie  shale  beds  in  the  vicinity  of  San 
Sebastian,  from  the  typical  exposures  on  the  CoUazo  Eiver,  and  the  term 
Juana  Diaz  to  the  shale  beds  in  the  vicinity  of  Juana  Diaz,  particularly 
the  shale  exposures  on  the  Jacaguas  River  to  the  nortliwest,  west  and 
southwest  of  Juana  Diaz.  The  teim  Arecibo  is  retained  for  the  lime- 
stone. 

The  most  important  vertebrate  find  has  been  identified  by  Dr.  W.  I). 
Matthew,  Curator  of  Vertebrate  Palaeontology,  American  Museum  of 
Natural  History,  as  a  new  species  of  ( ?)  Halitherium  (see  page  439  be- 
low). It  consists  of  a  lower  jaw  with  three  molar  teeth  and  two  vertebrae 
of  a  primitive  Sirenian.  It  was  collected  by  Chester  A.  Seeds,  July  1, 
1915,  from  the  Juan  Diaz  shale  exposures  on  the  Jacaguas  River  one 
kilometer  north  and  one  kilometer  west  of  Juana  Diaz.  Other  fossils, 
some  of  them  Sirenian,  have  been  collected  by  Senor  Narciso  Rabell 
Cabrero  from  the  CoUazo  shales.  They  are  in  his  private  collection  at 
San  Sebas'tian. 

The  tooth  of  a  fish  belonging  to  the  family  Scombridae  (mackerels  and 
their  allies)  was  found  in  the  Arecibo  limestone  exposures  on  the 
Jacaguas  River  to  the  southwest  of  Juana  Diaz,  locality  199. 

A  small,  ver}'  delicate  bone  of  an  indeterminate  teleost  was  collected 
from  the  south  bank  of  a  ravine  in  the  Juana  Diaz  shales,  locality  226, 
approximately  200  feet  below  the  base  of  the  Arecibo  limestone,  from  the 
exposure  on  the  Jacaguas  River  to  the  southwest  of  Juana  Diaz. 

A  short  distance  below  the  road  bridge  over  the  Collazo  River  the  tooth 
of  a  hammerhead  shark,  Sphyrcena  prisca  Agassiz,  was  unearthed  from 
the  lignitie  shales  exposed  in  the  bed  of  the  Collazo  River. 

The  tootli  of  Carcharias  magna  (Cope)  was  collected  from  the  base  of 
a  300-foot  expo*>ure  of  the  Arecibo  limestone  in  the  east  wall  of  the 
Guajataca  River  canyon  at  a  point  where  a  native  trail  crosses  the  river. 
It  is  on  Senor  RabelFs  ranch  about  ten  kilometers  northeast  of  San 
Sebastian. 


•IbW..  pp.  11-17. 
'Ibhl..  pp.  12-17 
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The  fish  remains  have  been  identified  by  Dr.  L.  Hussakof,  Curator  of 
Ichthyology,  American  Museum  of  Natural  History. 

Dr.  Allen  said  in  abstract:  During  the  exploration  of  a  cave  in  the 
Jobo  district,  near  Utuado,  Pori;o  Eico,  made  under  the  direction  of  Dr. 
Boas,  several  himdred  mammal  bones  were  obtained,  all  referable  to  a 
single  species  of  an  extinct  octodont  rodent.  These  bones  are  well  pre- 
served and  have  the  character  and  general  appearance  of  recent  bones. 
They  include  several  nearly  complete  skulls,  a  large  number  of  mandib- 
ular rami,  a  pelvis  and  many  limb  bones  and  ribs.  They  represent  a 
species  about  the  size  of  Plagiodontia  and  the  smaller  species  of  Capromys, 
but  it  is  not  closely  related  to  either  of  these  genera,  nor  to  any  other 
known  genus.  It  is  especially  characterized  by  the  enamel  pattern  of  the 
molariform  teeth,  which  is  strikingly  different  from  that  of  any  other 
described  octodont.  In  size,  in  the  general  form  and  proportions  of  the 
skull  and  in  the  oblique  insertion  of  the  grinding  teeth,  it  resembles 
Plagiodontia,  known  thus  far  only  from  the  type  specimen  from  Haiti, 
described  by  P.  Cuvier  in  1836  and  now  probably  extinct. 

In  both  Plagiodontia  and  the  new  form  from  Porto  Rico,  which  may 
be  known  as  Isolobodon  portoricensis,  the  transverse  axis  of  the  molars 
is  highly  oblique  to  the  axis  of  the  tooth-row,  the  obliquity  of  the  two 
axes  being  about  45°,  instead  of  the  two  axes  forming  a  right  angle,  as 
in  Capromys.  The  molariform  teeth  in  Isolobodon  resemble  those  of 
Plagiodontia  not  only  in  manner  of  insertion,  but  in  size  and  form  and 
in  the  number  of  enamel  folds  on  the  outer  and  inner  borders.  They 
radically  differ  from  those  of  Plagiodontia  in  the  enamel  pattern  of  the 
crowns,  in  which  latter  the  cement  area  of  each  tooth  consists  of  three 
transverse  divisions,  united  and  continuous,  thus  constituting  a  single 
sigmoid  area,  deeply  cut  by  the  infolding  of  the  enamel  border.  In 
Isolobodon  the  cemented  portion  of  the  crown  surface  of  each  upper  molar 
forms  two  transverse,  nearly  equal  oval  areas,  each  entirely  encircled  by 
its  own  enamel  border.  The  enamel  pattern  of  the  lower  molars  differs 
from  that  of  the  upper  molars  through  the  deep  indentation  of  the  ante- 
rior enamel  area  by  the  infolding  of  the  enamel  border  on  the  inner  side 
of  the  front  third  of  the  tooth. 

The  condition  of  the  remains  of  Isolobodon  indicates  its  recent  extinc- 
tion, they  having  undergone  no  change  in  mineralization  or  even  in 
coloration.  As  in  the  case  of  Plagiodontia,  it  was  probably  exterminated 
by  the  natives,  who  doubtless  persistently  hunted  it  for  food,  as  its  flesh 
must  have  been  highly  palatable  and  as  it  was  the  largest  indigenous 
mammal  of  the  island.  It  is  known  that  this  fate  overtook  Plagiodontia 
at  about  the  middle  of  the  last  century,  as  Cuvier  states  that  it  was 
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sought  after  so  carefully  by  the  natives  of  Haiti  for  its  delicate  flesh  that 
it  had  already  become  extremely  rare  as  early  as  1836.  And  no  specimen 
has  since  reached  any  natural  history  museum.  Isolohodon  has  probably 
been  extinct  for  a  few  himdred  years. 

Dr.  Matthew  said  in  abstract :  A  number  of  specimens  of  fossil  verte- 
brates were  secured  by  Dr.  Chester  A.  Eeeds  on  the  Natural  History 
Survey  of  Porto  Rico  imder  the  auspices  of  the  New  York  Academy  of 
Sciences.  Among  these  is  the  lower  jaw  of  a  Sirenian  associated  with 
two  vertebrae  from  marine  Tertiary  limestones  of  uncertain  horizon. 
The  jaw  is  referred  to  the  genus  Halrtherium  of  the  European  Oligocene 
and  Miocene  and  represents  a  new  species,  H.  antillense,  nearest  to  H. 
christoH, 

Halitherium  is  a  primitive  stage  of  the  dugong  family  (Halicorida?), 
now  found  only  in  the  Indian  Ocean  and  Eed  Sea,  but  abundant  around 
the  shores  of  Tertiary  Europe.  It  has  never  before  been  reported  from 
this  side  of  the  Atlantic.  The  other  family  of  Sirenians,  Manatees,  occur 
on  both  sides  of  the  Atlantic,  but  not  in  the  Indian  or  Pacific  oceans, 
and  are  now  limited  to  the  tropics.  The  distribution  of  the  dugongs 
was  therefore  wider  than  has  been  supposed,  extending  to  both  sides  of 
the  Atlantic  as  well  as  to  the  eastern  seas,  where  they  still  survive. 

The  anterior  grinding  teeth  (premolars)  in  the  dugong  series  are  pro- 
gressively reduced ;  in  the  manatees  they  become  molarif orm.  The  molar 
premolar  formula  is  briefly  considered.  The  writer  accepts  AhePs  view 
that  there  are  but  three  true  molars  in  the  Sirenians  and  not  more  tlian 
four  premolars.  The  last  milk  molar  is  retained  very  late  and  sometimes 
intercalated  between  p^  and  m^. 

Dr.  Eastman  presented  in  abstract  an  account  of  the  more  important 
results  of  investigation  of  a  large  series  of  Paleozoic  fish  remains  belong- 
ing to  the  American  Museum,  the  U.  S.  National  Museum,  and  other 
institutions,  the  work  having  been  in  progress  for  over  a  year. 

Ordovician  fish  remains  from  a  newly  discovered  locality  in  Colorado 
were  described,  and  the  systematic  position  of  one  of  the  oldest  known 
Ostracoderms,  Astraspis  Walcott,  was  shown,  in  the  light  of  imusually 
well-preserved  specimens,  to  be  representative  of  a  distinct  family  allied 
to  the  Psammosteida?.  The  large  dorso-median  plate  of  AsiraspU  is  of 
compound  nature,  being  formed  of  fused  tuberculated  tessene.  \  similar 
tesselated  structure  has  been  observed  in  Cephalaspids  and  Psammosteids, 
and  more  recently  in  specimens  from  Dorpat.  Russia,  described  by  Preo- 
brajensky  in  1910  under  the  name  of  Dyptychosfeus  tesselattui.  Another 
specimen  in  the  Dorpat  Museum  described  by  the  last-named  author  as 
a  new  species  of  Psammosfeufi  (P,  im perfect ujt)  appears  to  be  truly  refer- 
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able  to  the  peculiar  and  little-known  genus  C  eras  pis,  first  reported  by 
Schtiter  from  the  Eifel  Devonian. 

A  brief  consideration  was  made  of  the  evidence  upon  which  Jaekel, 
DoUo  and  others  have  recently  advocated  the  view  that  Ptyctodonts  are 
Arthrodires,  and  that  the  latter  group,  together  with  Ostracoderins,  are 
derived  from  primitive  sturgeons.  Comment  was  made  upon  .Taekel's 
theoretical  reconstruction  of  the  so-called  shoulder-girdle  (in  reality  a 
totally  different  structure)  of  Rhynchodus  and  upon  the  disputed  ques- 
tion of  the  restored  dentition  of  Mylostomids.  The  typical  specimen  of 
Dinognathus  ferox  was  exhibited  atid  held  to  afford  reliable  means  for 
homologizing  the  several  components  of  theMylostomid  and  Dinichthyid 
types  of  dentition.  A  discussion  followed  of  recent  interpretations  of 
the  dental  structures  grouped  under  the  head  of  Edestida?,  and  of  the 
conjectural  association  of  Cochliodont  and  Psephodont  crushing  plates 
in  the  mouth  of  Carboniferous  sharks. 

New  discoveries  were  reported  of  fossilized  brain  structures  #  and  au- 
ditory organs  in  ganoid  fishes  from  the  Carboniferous,  as  well  as  the 
unique  occurrence  of  otoliths  in  the  Permian  genus  Palceoniscus.  A  slab 
was  also  exhibited  in  which  were  preserved  complete  skeletons  of  a  prob- 
ably new  species  of  Ccelacanthus,  discovered  by  Dr.  E.  H.  Barbour  in  the 
Coal  Measures  of  Kansas. 

The  Section  then  adjourned. 

w  William  K.  Gkegory, 

Secretary . 

SECTION  OF  ANTHROPOLOGY  AND  PSYCHOLOGY 

22  November,  1915 

Section  met  in  conjunction  with  the  New  York  Branch  of  the  Ameri- 
can Psychological  Association  at  Columbia  University,  Professor  H.  L. 
HoUingworth  presiding. 

The  following  nomination  for  Vice-President  of  the  Academy  and 
Chairman  of  the  Section  was  approved  for  transmission  to  the  Council : 

Professor  J.  McKeen  Cattell,  Columbia  Universitv. 

Dr.  Robert  H.  Lowie  was  elected  Secretary  of  the  Section  for  the 
year  1916. 

The  following  scientific  programme  was  then  offered : 

Charles  K.  Taylor,      So^ik  Relations  Between  Memory  Span,  At- 
tention^ School-grade  and  Age. 
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T.  H.  Ames,  Color  Thekapy. 

H.  L.  Hollingworth,   Why  the  Lower  Senses  are  TJn^sthetic. 

M.  J.  Van  Wagenen,   A  Practice  Experiment. 

Summary  of  Papers 

Mr.  Taylor  said  in  abstract:  A  series  of  experiments  were  nnule  with 
about  500  children  in  the  four  upper  grades  of  a  public  school,  as  a  result 
of  which  interesting  relations  seemed  to  appear  between  memory-span, 
attention,  school-grade  and  age. 

Groups  of  numbers,  varying  from  three  to  twelve  digits,  were  dictated 
to  the  children,  who  wrote  from  memory  each  number  as  soon  as  it  was 
dictated.  While  this  was  going  on  the  class-room  was  made  as  quiet  as 
possible  and  free  from  disturbing  elements.  Two  series  of  numbers,  ten 
numbers  to  the  series,  were  given  under  these  conditions.  Not  more  than 
two  or  three  children,  it  was  found,  could  remember  and  write  down  a 
number  of  twelve  digits  after  dictation,  a  few  more  remembered  eleven, 
more  remembered  ten,  and  so  on. 

It  was  found,  first,  that  the  average  numbers  remembered  by  the  differ- 
ent grades  were  larger  as  the  grades  advanced  in  age.  It  was  also  found 
that  of  children  of  the  same  age  in  different  grades,  those  in  the  lower 
^ades  could  not  remember  as  large  numbers  as  those  in  higher  grades. 
Also  there  was  a  close  correspondence  between  the  memory  average  of 
the  children  and  their  averages  given  in  the  monthly  reports. 

After  a  period  of  rest,  two  more  series  of  numbers  were  dictated,  similar 
to  the  first  two ;  but  this  was  done  while  the  teacher  read  aloud  from  an 
interesting  book,  thus  making  a  disturbing  element.  By  comparing  aver- 
ages in  the  two  sets  of  series  one  could  gain  an  idea  as  to  the  attentive 
powers  of  the  children. 

It  was  found  that  though  there  was  some  relation  between  the  school- 
report  and  "attention"  and  the  school-grade  and  "attention,''  that  the 
most  marked  relation  seemed  to  be  between  age  and  attention.  For  in- 
stance, all  of  the  sixteen-year  children  did  as  well  with  the  disturbing 
element  or  better  than  with  the  quiet.  Only  42  per  cent,  of  the  fourteen- 
year  children  and  32  per  cent,  of  the  twelve-year  children  did  as  well  or 
better  with  the  disturbing  element  as  they  did  without  it.  With  the  chil- 
dren of  eleven  and  under  all  made  poorer  averages  with  the  disturbing 
element  than  without  it. 

Dr.  Ames  said  in  abstract:  l^oferencos  brouglit  together,  ranging  from 
the  most  ancient  superstitions  and  folklore  to  modern  material  from  psy- 
chological laboratories,  give  evidence  that  color  was  used  to  conciliate  or 
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ward  oflf  supernatural  beings,  to  ameliorate  abnormal  physical  and  mental 
conditions  and  to  change  the  emotional  states  of  normal  people. 

Color  acts  for  these  ends  in  various  ways:  By  magical  charms  or  sor- 
cery, as  a  scape-goat,  by  thinking  processes,  or  by  homeopathic  and  allo- 
pathic procedure. 

Not  only  are  masses  and  individuals  affected  in  a  similar  manner  by 
color,  but  also  the  masses  and  individuals  of  all  nations  and  all  times. 
The  experiment  by  Wells  in  the  Psychological  Bulletin  of  1910,  stating 
that  colors  at  the  red  end  of  the  spectrum  are  stimulating,  that  those  in 
the  central  part  are  tranquilizing  and  those  at  the  purple  end  subduing 
agrees  in  its  results  with  those  to  be  obtained  from  a  study  of  ancient 
superstitions. 

WTiile  the  uses  of  color  never  have  been  and  may  never  be  demonstrated 
to  be  of  such  value  as  to  become  commercialized,  still  there  is  sufficient 
evidence  to  warrant  us  in  believing  that,  apart  from  any  purely  utilitarian 
or  purely  aesthetic  use,  color  has  a  place  in  therapeutics. 

Professor  Hollingfworth  reviewed  the  various  reasons  that  liave  been 
suggested  in  explanation  of  the  unaesthetic  value  of  the  lower  senses. 
Such  factors  as  abundance,  ecclesiastic  censorship,  number  of  qualities, 
sharpness  of  discrimination,  reaction  time,  inertia  and  life-span,  spatial 
characteristics,  immediate  affective  value,  materiality,  consumption  of 
stimulus,  utilitarian  function,  ontogenetic  and  philogenetic  development, 
vividness  of  imagery,  organization  and  systematic  relations  within  the 
modality,  social  character,  range  of  stimulus,  perceptual  value,  tendency 
to  adaption,  etc.,  were  considered.  Criticisms  were  offered  of  the  theory 
that  "the  function  of  art  is  to  please"  and  the  intellectual  character  or 
"meaning"  function  of  aesthetic  manipulation  was  emphasized. 

Mr.  Van  Wagenen  said  in  abstract :  Table  I  gives  the  Pearson  coeffi- 
cients between  the  work  done  at  various  parts  of  two  practice  periods  and 
a  final  test  period.  The  material  consisted  of  a  set  of  ten  paired  associ- 
ates, the  stimuli  being  the  first  ten  letters  of  the  alphabet  arranged  in 
chance  order,  the  associates  being  the  next  ten  letters,  also  arranged  in 
chance  order.  The  subjects  were  forty  university  students  in  a  class  in 
elementary  psychology,  who  practised  two  periods  of  thirty-two  minutes 
each,  forty-seven  hours  apart,  and  for-  three  minutes  forty-seven  houra 
later. 

The  three-minute  test  was  followed  by  another  practice  period  on  a  new 
set  of  paired  associates,  the  stimuli  consisting  of  the  original  first  ten 
letters  arranged  in  a  new  chance  order,  the  associates  consisting  of  the 
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digits  0  to  9^  also  arranged  in  chance  order.    The  results  are  given  in 
table  II. 

Table  I 


Minates 

Period 

Minutes 

Period 

r 

4-8 

First 

26-30 

First 

.780 

4-8 

First 

33-37 

Second 

.698 

4-8 

First 

58-62 

Second 

.515 

26-30 

First 

58-62 

Second 

.820 

26-^ 

First 

65-67 

Test  (third) 

.880* 

*Only  thirty-five  subjects  were  present  for  this  test.  The  method  of  rank 
differences  was  used  in  finding  this  coefiicient,  while  the  product-moments  method 
was  used  in  finding  the  other  coefiScients. 


Fable  II 

Minutefl      Period 

AssociaieR 

r 

4-8          First 

Letter-letter 

.615» 

65-67      Third 

Letter-letter 

.531* 

Minutes     Period  Associates 

4-8        First        Letter-digit 
4-8        First        I.€tter-digit 


A  5?econd  experiment  was  carried  out  with  a  group  of  thirty-four  sum- 
mer-session universitv  students,  in  which  the  same  letter-letter  associates 
were  used  as  in  the  previous  experiment,  and  in  which  the  quantity  of 
work  done  instead  of  the  time  was  kept  constant.  During  the  first  prac- 
tice period  120  associations  were  made  with  each  pair.  Four  weeks  later 
80  more  associations  were  made  with  each  pair.  Just  before  tlie  second 
practice  period  the  amount  that  could  be  recalled  during  200  seconds  was 
measured,  the  amount  being  the  number  of  correct  associates  that  were 
recalled  when  the  stimulus  letters  were  read  in  varied  order  two  seconds 
apart.    The  results  are  given  in  tables  III  and  IV. 


Minutes 

4-8 
4-8 
4-8 
4-8 
I.«a8t  five 


Period 

First 
First 
First 
First 
First 


Table  III 

Minutes 

26-30 
Last  five 
4-8 

I^st  five 
Last  five 


Period 

r 

First 

.727» 

First 

.753 

Second 

.541 

Second 

.604 

Second 

.845 

^Probably  too  low,  as  the  last  five  minutes  were  used  in  two  cases  where  the 
work  was  finished  during  the  27th  minute. 


•Thirty-seven  sabjects. 
•  Thirty-four  subjects. 


444  ANNALS  NEW  YORK  ACADEMY  OF  SCIENCES 

Tablr  IV 

Amount  recalleil  Shortness  of  first  practice   period       r-     .186 

Amount  recalled  Amount  done  during  minutes  4-8  .231 

Amount  recalled  Rate  of  work  during  last  five  min- 

utes of  first  practice  perio<l  .355 

Amount  recalled  Rate  of  work  during  last  five  min- 

utes of  second  practice  period  .538 

The  Section  then  adjourned. 

Robert  H.  Lowie, 

Secretary. 

BUSINESS  MEETING 
6  December,  1915 

The  Academy  met  at  8:15  p.  m.  at  the  American  Museum  of  Natural 
History,  Vice-President  Charles  P.  Berkey  presiding. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  following  candidate  for  Active  membership  in  the  Academy,  rec- 
ommended by  Council,  was  duly  elected : 

Isaiah  Bowman,  American  Geographical  Society. 

The  Secretary  reported  the  death  of  Theodor  Boveri,  Honorary  Mem- 
ber since  1910,  on  IG  October,  1915,  and  stated  that  the  Council  at  its 
meeting  on  6  December  had  requested  Professor  Edmund  B.  Wilson  to 
form  a  suitable  minute  to  be  spread  on  the  records  of  the  Council. 
The  Academy  then  adjourned. 

Henry  E.  Crampton, 

Acting  Recording  Secretary. 

SECTION  OF  GEOLOGY  AND  MINERALOGY 

6  December,  1915 

Section  met  at  8 :20  p.  m.,  Professor  J.  E.  Woodman  presiding. 

The  minutes  of  the  last  meeting  of  the  Section  were  read  and  approved. 

The  following  programme  was  then  offered : 

J.  E.  Woodman,      Metallurgical  Limestones  of  Nova  Scotia. 

A.  K.  Lobeck,  Position  op  the  New  England  Peneplain  ik 

THE  White  Mountain  Region. 

Chester  A.  Reeds,  Tite  J.   M.   Rosales's   Collection   of   Mesozoio 

Fossils  from  the  Eastern  Range  of  the  Co- 
lombian Andes. 
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George  H.  Oirty,     Xew    Geneva    and    Species    of    Cai{»oxifi:i:ol's 

Fossils  from  the  Upper  Mississippi  Valley. 
(Read  by  title.) 

Summary  of  Papers 

Professor  Woodman,  with  the  aid  of  maps,  discussed  the  distribution 
of  the  metallurgical  limestones  of  Nova  Scotia  and  their  geological  occur- 
rence. It  was  shown  that  limestones  of  metallurgical  value  are  restricted 
to  the  pre-Cambrian  and  the  Mississippian,  the  beds  of  former  age,  known 
locally  as  the  George  River  Series,  occurring  in  great  abundance  in  cen- 
tral and  northern  Cape  Breton  Island,  in  the  vicinity  of  St.  Johns,  New 
Brimswick,  and  near  New  Campbellton,  in  Nova  Scotia.  The  metallur- 
gical limestones  of  Mississippian  age,  known  as  the  Windsor  Series,  are 
found  both  in  Cape  Breton  and  on  the  mainland.  As  these  beds  are  non- 
resistant,  they  are  usually  found  outcropping  in  lowlands  eroded  below 
the  level  of  the  Cretaceous  peneplain;  whereas  the  George  River  lime- 
stones withstand  erosion  so  well  that  they  ordinarily  appear  as  parts  of 
the  upland  surface.  The  composition  of  the  limestones  was  described  and 
typical  specimens  were  exhibited. 

Mr.  Lobeck  said  in  abstract:  Three  possibilities  present  themselves. 
The  New  England  upland  may  be  represented  near  the  summits  of  the 
White  Mountains,  near  their  base,  or  somewhere  in  between.  An  un- 
qualified choice  is  made  and  it  is  concluded  that  the  upland  strikes 
squarely  and  abruptly  at  the  base  of  the  mountains.  Two  types  of 
evidence  lead  to  this  conclusion. 

Field  study  shows  that  it  is  possible  to  trace  the  upland  from  its  well 
recognized  position  at  the  base  of  Mount  Monadnock,  where  it  stands  at 
an  elevation  of  about  1100  feet,  northeast  along  Contoocock  River  to  near 
Concord,  where  it  stands  800  feet.  North  of  this  point  it  rises  again 
to  about  1000  feet  near  Lake  Winnepesaukee.  In  central  and  eastern 
New  Hampshire  it  is  post-maturely  dissected  and  the  broad  lowlands  are 
occupied  by  lakes  and  alluvial  plains  which  lie  400  or  500  feet  below  the 
peneplain  level.  In  the  Lake  Winnepesaukee  region  it  is,  as  a  matter 
of  fact,  difficult  to  trace  the  upland  for  the  reason  that  it  is  preserved 
only  as  fragments  and  the  region  is  complicated  by  the  presence  of  such 
residuals  as  the  Ossipee  Mountains,  which  rise  directly  from  the  lower 
lake-strewn  plain.  However,  at  the  base  of  the  ^Yllite  Mountains,  north 
of  Lake  Winnepesaukee,  the  upland  is  undoubtedly  represented  by  a 
pronounced  terrace-like  shelf  and  adjacent  remnants  which  stand  at  an 
elevation  of  approximately  1100  feet. 
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A  study  of  maps  leads  decisively  to  the  same  conclusion.  This  is  best 
shown  by  means  of  what  are  here  called  "projected  sections/'  Belts  of 
country  two  or  three  miles  wide  are  projected  upon  profiles  in  such  a 
way  that  any  given  point  on  the  profile  always  represents  the  highest 
point  in  the  belt  opposite  to  such  point  in  the  profile.  Such  a  section 
gives  an  impression  strikingly  similar  to  that  which  would  be  obtained 
by  looking  at  the  country  itself.  Projections  of  this  kind  carried  from 
the  White  Mountains  to  the  ocean  across  either  the  topographic  quad- 
rangles of  western  Maine  or  Hitchcock's  map  of  New  Hampshire  repre- 
sent the  New  England  upland  abutting  squarely  against  the  mountains 
at  an  elevation  of  a  little  over  1000  feet. 

Results  of  this  kind  make  it  difficult  to  believe  that  the  flat-topped 
spurs  or  "lawns"  near  the  top  of  Mt.  Washington  and  standing  some 
5000  feet  above  sea  level  can  be  considered  as  remnants  of  the  New  Eng- 
land upland,  as  Professor  Gpldthwait  has  suggested  in  the  American 
Journal  of  Science  for  May,  1914.  It  was  the  interest  derived  from  this 
article  which  encouraged  a  further  study  of  the  region. 

The  paper  was  discussed  and  favorably  criticised  by  Mr.  P.  M.  Foshay 
and  Professors  J.  E.  Woodman,  C.  P.  Berkev  and  D.  W.  Johnson. 

Dr.  Beeds  exhibited  the  Bosales's  collection  of  fossils  and  discussed 
the  geographical  features  of  northwestern  South  America,  the  climatic 
zones  determined  by  variations  in  elevation  and  the  trend  of  the  principal 
mountain  axes.  Four  colored  geological  maps  of  the  region  were  dis- 
cussed, as  well  as  typical  cross-sections  showing  the  geological  structure. 

Senor  Eosales,  the  donor  of  the  collection  of  fossils,  was  present  and 
explained  to  the  Academy  the  geological  location  of  the  points  from 
which  the  fossils  were  collected. 

The  Section  then  adjourned. 

D.  W.  Johnson, 

Secretary, 

SECTION  OF  BIOLOGY 
13  Decembek,  1915 

Section  met  in  conjunction  with  the  Linnaean  Society  at  8:15  p.  m.. 
Dr.  Jonathan  Dwight  presiding. 

By  request  of  the  Secretary,  the  reading  of  minutes  was  dispensed 
with.     The  following  scientific  programme  was  then  offered : 

F.M.  Chapman,  The  Origin  of  Zonal  Faunas  in  the  Andes. 

C.  W.  Beebe,       A  Teti?aptf!{Yx  Stage  in  the  Evolution  of  Birds. 
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W.  K.  Gregory,  Present  Status  of  the  Problem  op  the  Origin  of 

Birds. 
T.  Barbour,        Some    Eemarks    upon    Matthew's    "Climate   and 

Evolution.'*     (Presented  by  Dr.  W.  D.  Matthew.) 

Dr.  Chapman  described  the  American  Museum  expeditions  to  the 
Andes,  which  had  been  in  progress  for  several  years.  He  described  the 
avian  zonal  faunas  of  the  Western,  Central  and  Eastern  Andes  and  of 
the  high  plateaux  and  valleys  between  them  and  their  relations  to  for- 
ested and  arid  regions.  He  endeavored  to  picture  the  effects  of  the 
gradual  uplift  of  the  Andean  region  upon  the  original  avi-fauna,  and 
showed  how  this  uplift  had  opened  new  lines  of  extension  and  migration 
to  certain  north  temperate  and  south  temperate  bird  types. 

Dr.  Chapman's  paper  was  discussed  by  Dr.  Matthew  and  Mr.  Murphy. 

Mr.  Beebe  said  in  abstract:  The  evolution  from  the  wing  of  Archas- 
opteryx  to  that  of  the  modem  bird  is  comparatively  simple.  But  the 
transition  of  the  first  lizard  which,  iguana-like,  hurled  its  flattened, 
stretched  body  through  the  air,  to  an  excellently  winged  creature  like 
ArchoBopieryx  has  not  been  explained.  The  more  evident  feather  zones 
of  Archccopieryx — the  wings  and  tail — would  not  account  for  success  in 
the  early  stages  of  scaling,  as  there  would  be  no  adequate  support  for  the 
hinder  portion  of  the  body,  such  as  exists  in  the  pelvic  and  lateral  mem- 
branes of  flying  squirrels  and  lemurs  and  in  the  pelvic  fins  of  flying  fishes. 

A  four-day-old  squab  of  a  white-winged  dove  in  the  scanty  down 
plumage  typical  of  these  birds  showed  three  distinct  zones  of  contour 
feathers,  those  of  the  wings  and  tail,  and  a  line  of  twelve  flight-like  quills 
across  the  outer  leg  and  femoral  membrane,  there  being  in  addition  six 
well-developed  coverts  above  the  most  exposed  flights.  This  was  found 
to  be  a  character  common  to  all  domestic  pigeons,  as  well  as  to  jacanas 
and  owls.  The  lateness  of  the  season  prohibited  observation  on  the  nest- 
lings of  other  birds. 

It  is  supposed  that  this  unexpected  development  of  pelvic  feathers  is 
an  atavistic  reminder  of  the  time  when  creatures  living  prior  to  ArchcB- 
opteryx  were  able  to  scale  easily  through  the  air  supported  by  a  biplane  of 
feather  growth.  This  tetrapteryx  stage  finds  support  in  the  Berlin  speci- 
men of  Archwopteryx,  which  shows  distinct  traces  of  large  feathers  near 
the  base  of  the  tail  and  above  the  tarsal  feathering. 

Mr.  Beebe's  paper  was  discussed  by  Dr.  Lucas  and  Dr.  Gregory. 

Dr.  Gregory  said  in  abstract:  Two  opposing  views  regarding  the 
origin  of  flight  in  birds  have  been  developed,  mostly  since  1900.  Accord- 
ing to  the  first,  advocated  by  Pycraft,  Abel.  Beebe  and  others,  the  prirai- 
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tive  birds  were  arboreal  reptiles  with  loug  scale-covered  arms,  and  they 
learned  to  fly  after  they  had  gone  through  a  flying-sqiiirrel-like  stage,  in 
which  the  skin  and  scales  acted  as  a  passive  patagiiuu  and  flight  was 
learned  by  skimming  downward  to  the  ground.  The  opposing  view,  ad- 
vocated by  Nopcsa  and  supported  by  Watson  and  Williston,  was  that 
flight  began  from  the  ground  upward,  the  primitive  types  being  small 
bipedal  dinosaur-like  reptiles  which  beat  the  air  with  their  long  scaly 
forearms  as  they  ran  along  the  ground.  Dr.  Broom's  view  was  that  the 
primitive  birds  were  nearly  related  to  the  common  ancestors  of  the  dino- 
saurs and  pterosaurs  and  were  related  to  the  aetosaurs.  That  first  they 
hopped  on  the  ground,  and  then  hopped  in  the  trees,  after  the  fashion 
of  a  tree  kangaroo,  before  learning  to  skim  down  from  the  trees. 

The  speaker  had  made  comparisons  of  the  skulls  and  skeletons  of  all 
the  principal  types  of  reptiles  and  ancient  types  of  birds  and  felt  that 
there  was  strong  evidence  for  the  view  advocated  by  Abel,  Broom  and 
others  that  the  dinosaurs,  pterosaurs,  aetosaurs  and  birds  were  divergent 
derivatives  of  small  "diapsid''  reptiles  most  nearly  allied  to  the  aetosaurs 
(Pseudosuchia).  To  him  the  evidence  indicated  that  the  pro-aves  were 
small  arboreal  quadrupedal  reptiles,  excellent  climbers  and  of  great  ac- 
tivity in  the  trees,  leaping  from  branch  to  branch  like  lemurs  and  early 
acquiring  a  grasping  hallux  and  consolidated  metatarsus.  Hands  much 
elongate,  as  in  such  agile  Primates  as  the  gibbons,  digits  of  the  manus 
(which  in  the  terrestrial  stage  had  already  been  reduced  in  number  from 
five  to  three,  as  in  certain  dinosaurs)  elongate,  provided  with  sharp  claws 
(used  in  climbing)  and  covered  on  the  back  with  long  scales.  In  short, 
the  speaker  supported  the  conservative  view  that  birds  had  arisen  in  some- 
what the  same  way  as  had  pterosaurs  and  bats,  namely,  from  very  active 
arboreal  animals,  and  he  felicitated  Mr.  Beebe  upon  adding  new  and 
striking  evidence  for  this  view.  He  referred  to  the  fact  that  birds  and 
mammals  had  originated  at  about  the  same  period  in  the  earth's  history, 
namely,  during  the  arid  Triassic  period,  and  that  the  most  distinctive 
characteristics  of  both  mammals  and  birds  were  associated  with  the 
maintenance  of  a  high  and  relatively  stable  body  temperature.  He 
thought  that  the  acquirement  of  feathers,  and  subsequently  of  the  power 
of  flight,  was  at  first  a  biproduct  of  the  adaptations  in  the  circulatory 
system  for  raising  the  temperature  of  the  body  and  in  the  integument 
for  retaining  the  heat. 

Dr.  Matthew  outlined  the  arguments  which  had  been  directed  by 
Professor  Thomas  Barbour  against  certain  features  of  his  paper  on  Cli- 
mate and  Evolution,  especially  those  relating  to  the  former  land  connec- 
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tions  of  the  West  Indies  and  to  the  hypothesis  of  the  accidental  transpor- 
tation of  animals  to  islands  by  "natural  rafts/* 
The  Section  then  adjourned. 

William  K.  Gregory, 

Secretary, 

ANNUAL  MEETING 
20  December,  1915 

The  Academy  met  in  Annual  Meeting  on  Monday,  20  December,  1915, 
at  the  Hotel  Manhattan,  at  the  close  of  the  Annual  Dinner,  President 
George  F.  Kunz  presiding. 

The  minutes  of  the  last  Annual  Meeting,  21  December,  1914,  were 
read  and  approved. 

Beports  were  presented  by  the  Corresponding  Secretary,  the  Recording 
Secretary,  the  Librarian  and  the  Editor,  all  of  which  were  received  and 
ordered  placed  on  file. 

The  Treasurer's  report  showed  a  net  cash  balance  of  $488.17  on  hand 
at  the  close  of  business  30  November,  1915.  On  motion,  this  report  was 
received  and  referred  to  the  Finance  Committee  for  auditing. 

A  report  of  the  Committee  on  Extension  (Porto  Rico  Committee)  was 
read  by  the  Chairman,  Professor  N.  L.  Britton.  It  was  voted  that  this 
report  be  received  and  placed  on  file. 

It  was  also  voted  that  the  Academy  record  its  thanks  to  the  committee 
for  its  able  conduct  of  the  Survev. 

The  following  members  of  the  Academy  were  elected  Fellows,  the 
Secretary  being  authorized  to  cast  a  single  affirmative  ballot  for  the  list 
as  presented : 

L.  A.  Adams,  Columbia  University, 

Isaiah  Bowman,  American  Geographical  Society, 

R.  L.  Ditmars,  New  York  Zoological  Park, 

G.  Clyde  Fisher,  American  Museum  of  Natural  Historv% 

A.  J.  Goldfarb,  College  of  the  City  of  New  York, 

Victor  E.  Levine,  College  of  Physicians  and  Surgeons, 

H.  J.  Muller,  Rice  Institute,  Houston,  Texas. 

The  Academy  then  proceeded  to  the  election  of  officers  for  1916.  The 
ballots  prepared  by  the  Council  in  accordance  with  the  By-Laws  were 
distributed.  On  motion,  the  Secretary  waa  authorized  to  cast  a  single 
affirmative  ballot  for  the  list  of  nominees  as  presented. 
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President :  Michael  Idvorsky  Pupin. 

Vice-Presidents:  Ernest  E.  Smith  (Section  of  Astronomy,  PhysicB 
and  Chemistry),  J.  McKeen  Cattell  (Section  of  Anthropology 
and  Psychology),  Douglas  W.  Johnson  (Section  of  Geology  and 
Mineralogy),  H.  von  W.  Schulte  (Section  of  Biology). 

Corresponding  Secretary :  Henry  E.  Crampton. 

Recording  Secretary :  Edmund  Otis  Hovey. 

Treasurer :  Henry  J.  Cochran. 

Librarian :  Ralph  W.  Tower. 

Editor:  Edmund  Otis  Hovey. 

Councilors  (to  serve  three  years) :  Charles  P.  Berkey  and  Clark 
Wissler. 

Finance  Committee:  Frederick  S.  Lee,  John  Tatlock  and  W.  J. 
Matheson. 

At  the  close  of  the  elections  the  retiring  President,  Dr.  George  F. 
Kunz,  delivered  an  address,  entitled  ^Trecious  Stone  Minerals:  their 
Archaeology  and  Mineralogy.^' 

Through  the  courtesy  of  the  telephone  company,  an  interesting  trans- 
continental telephonic  programme  followed.  This  began  with  a  series 
of  motion  pictures  showing  scenes  along  the  route  of  the  transcontinental 
line  with  a  descriptive  explanation  by  Mr.  W.  F.  Schmidt.  Mr.  H.  W. 
Casler^  Division  Advertising  Manager  of  the  New  York  Telephone  Com- 
pany, then  assumed  charge  of  the  line,  and  after  the  transcontinental 
roll  call  from  New  York  to  San  Francisco,  ofBcers,  members  and  gaests 
of  the  Academy  conversed  with  representatives  of  the  California  Academy 
of  Sciences.  The  New  York  representatives  were:  President  Kunz, 
President-elect  Pupin,  Professor  N.  L.  Britton,  Mrs.  N.  L.  Britton,  Pro- 
fessor Chai-les  P.  Berkey,  Professor  Henry  Fairfield  Osbom,  Dean  Fred- 
erick A.  Goetze,  Professor  Charles  Baskerville,  Mr.  H.  T.  Dickinson,  Mrs. 
H.  T.  Dickinson,  Mr.  Henry  J.  Cochran,  Professor  Bashford  Dean,  Mrs. 
C.  P.  Berkey,  Professor  H.  E.  Crampton  and  Mr.  A.  A.  Anderson.  The 
California  representatives  were:  Professor  C.  E.  Grunsky,  Mr.  William 
H.  Crocker,  Professor  Percival  Lewis,  Miss  Alice  Eastwood,  Professor 
Bailey  Willis,  Dr.  Roy  E.  Dickerson,  Dr.  Frank  T.  Green,  Mrs.  Zeia 
Nuttall  and  Dr.  Barton  W.  Evermann. 

The  programme  also  included  music  played  at  San  Francisco  and  the 
sound  of  the  Atlantic  waves  in  connection  with  a  series  of  motion  pictures 
showing  the  surf  at  Cliff  House  and  Seal  Rocks. 

It  was  voted  that  the  thanks  of  the  Academy  be  tendered  to  Mr.  Casler, 
Mr.  Schmidt  and  their  associates  for  their  kindness  and  courtesy  in  pre- 
paring and  conducting  the  notable  demonstration. 
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A  series  of  motion  pictures  on  "Diamond  Mines  in  South  Africa"  was 
presented  with  an  explanatory  talk  by  Mr.  H.  T.  Dickinsoxif  General 
Manager  of  the  De  Beers  Company  at  Kimberley. 

On  motion,  the  Academy  presented  its  thanks  to  Mr.  Dickinson  for 
his  address. 

The  Academy  then  adjourned. 

Henky  E.  Crampton, 

Acting  Recording  Secretary, 

REPORT  OF  THE  CORRESPONDING  SECRETARY 

We  have  lost  by  death  during  the  past  year  the  following  Honorary 
Members : 

Authur  Auwers,  elected  1898,  died  24  January,  1915, 
Theodor  Boveri,  elected  1910,  died  16  October,  1915, 
James  Geikie,  elected  1910,  died  2  March,  1915, 

Sir  David  Gill,  elected  1898,  died , 

Ambrosius  A.  W.  Hubrecht,  elected  1896,  died  22  March,  1915. 

and  three  Corresponding  Members : 

Orville  A.  Derby,  elected  1890,  died  27  November,  1915, 
Theodore  B.  Comstock,  elected  1877,  died  26  July,  1915, 
Arthur  Williams  Wright,  elected  1876,  died  19  December,  1915. 

There  are  at  present  upon  our  rolls  42  Honorary  Members  and  112 
Corresponding  Members. 

Respectfully  submitted, 

Henry  E.  Cbampton, 
Corresponding  Secretary, 

REPORT  OF  THE  RECORDING  SECRETARY 

During  the  year  1915  the  Academy  held  11  business  meetings  and  26 
sectional  meetings,  at  which  67  stated  papers  were  presented,  as  follows: 

Section  of  Geology  and  Mineralogy,  26  papers ;  Section  of  Biology,  16 
papers ;  Section  of  Astronomy,  Physics  and  Chemistry,  5  papers ;  Section 
of  Anthropolog}'  and  Psychology,  20  papers. 

Three  of  the  sectional  meetings  were  of  general  character  and  of  par- 
ticular interest  and  were  followed  by  a  social  hour,  with  refreshments, 
in  one  of  the  exhibition  halls  of  the  Museum. 

The  first  was  held  under  the  auspices  of  the  Section  of  Biology  on  the 
evening  of  11  January,  when  Professor  J.  C.  Bose  of  Presidency  College, 
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Calcutta,  India,  lectured  upon  "Plant  Autographs  and  their  Revelations/' 
The  second  was  held  on  22  March,  under  the  auspices  of  the  Section  of 
Anthropolog}'  and  Psycholog}',  when  Professor  Raymond  Dodge  delivered 
a  lecture,  entitled  "Incidence  of  the  Effect  of  Moderate  Doses  of  Alcohol 
on  the  Xervous  System/'  The  third,  under  the  auspices  of  the  Section 
of  Astronomy,  Physics  and  Cliemistry,  was  delivered  on  26  April,  and 
consisted  of  a  lecture  by  Dr.  Arthur  L.  Day  upon  "The  Volcano  Kilauea 
in  Action/* 

At  the  present  time  the  membership  of  the  Academy  is  491,  which 
includes  472*  Active  Members  (of  whom  22  are  Associate  Members,  125* 
Fellows,  99  Life  Members  and  11  Patrons)  and  19  Non-resident  Mem- 
bers. Tliere  have  been  11  deaths  during  the  year,  17  resignations  liave 
become  effective  and  eight  names  have  been  dropped  from  the  rolL 
Twenty-nine  new  members  have  been  elected  during  the  year  and  one 
former  member  has  been  restored  to  Active  Membership  and  seven  have 
eomnuited  their  annual  dues  by  a  single  payment  of  $100  each.  One 
name  has  been  transferred  to  the  Life  Membership  list  on  account  of 
twenty-five  years*  payment  of  annual  dues.  One  Associate  Member  has 
taken  up  Active  Membership  and  one  Active  Member  has  been  temporarily 
transferred  to  Associate  Membership.  As  the  membership  of  the  Acad- 
emy a  year  ago  was  497,  there  has  been  a  net  loss  of  six  during  the  year 
1915.  Record  is  made  with  regret  of  the  loss  by  death  of  the  following 
Active  and  Associate  Members : 

Mrs.  P.  H.  Barhydt,  Active  Member  since  1907, 
R.  A.  Canfield,  Active  Member  since  1905, 
Miss  Grace  H.  Dodge,  Active  Member  since  1907, 
Mrs.  M.  A.  P.  Draper,  Active  Member  since  1898, 
James  C.  Fargo,  Active  Member  since  1878, 
Thomas  Hubbard,  Active  Member  since  1905, 
Frank  Hustace,  Active  Member  since  1907, 
John  E.  Parsons,  Active  Member  since  1896, 
Albert  Plant,  Active  Member  since  1910, 
Samuel  Thome,  Active  Member  since  1899, 
Charles  T.  Wills,  Active  Member  since  1897. 

Respectfully  submitted, 

Henry  E.  Crampton, 

Acting  Recording  Secretarff. 


^  iDcluding  one  member  elect  who  has  not  yet  paid  his  first  annual  dues. 
»To  thiK  numl)er  munt  l)e  added  the  seven  Fellows  elected  at  the  Annual  Meetlnir>  20 
December.  1015. 
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REPORT  OF  THE  LIBRARIAN 

The  New  York  Academy  of  Sciences  has  received  duriug  the  current 
year  by  gift  and  exchange  only  one  hundred  one  volumes  and  some  two 
hundred  fifty  numbers,  representing  about  one  half  of  the  normal  acces- 
sions. Because  of  the  insecurity  of  transportation,  practically  none  of 
the  learned  societies  in  Russia,  Germany,  Austria,  Italy  and  the  Balkan 
States  are  dispatching  their  publications. 

The  Library  of  the  New  York  Academy  of  Sciences  finds  an  increased 
usefulness  each  year,  with  an  appreciation  on  the  part  of  the  scientists 
for  the  admirable  collection  which  it  possesses. 
Respectfully  submitted, 

R.  W.  Tower, 

Librarian, 

REPORT  OF  THE  EDITOR 

The  parts  of  the  Annals  which  have  been  published  this  year  are  the 

following : 

Volume  XXIV 

Pages 
W.  D.  Matthew— Climate  and  Evolution 171-318 

H.  von  W.  Schulte  and  F.  Tilney — Development  of  the  Neuraxis  in  the 

Domestic    Cat    to    the    Stage    of 

Twenty-one  Somites 31&-^346 

E.  O.  Hovey — Records  of  Meetings  of  the  Academy 347-406 

Charter  and  Organization  of  the  Academy 407-412 

Constitution  and  By-laws 413-420 

Membership  of  the  Academy 421-432 

Index 433-443 

Volume  XXVI 

C.  P.  Berkey — Geological  Reeonnoissance  of  Porto  Rico 1-70 

F.  E.  Lutz — List  of  Greater  Antillean  Spiders,  with  Notes  on  their  Dis- 

tribution      71-148 

Henryk  Arctowski — Volcanic  Dust  Veils  and  Climatic  Variations 149-174 

C.  C.  Mook — Statistical  Study  of  Variation  in  Spirifer  mucronatuB, . .  175-214 
H.  F.  Osbom — Review  of  the  Pleistocene  of  Europe,  Asia  and  North- 
em  Africa 215-315 

W.  K.  Gregory — Present  Status  of  the  Problem  of  the  Origin  of  the 

Tetrapoda,  with  Special  Reference  to  the  Skull  and 

paired  Limbs 317-383 

V.  E.  Irvine— Biochemical  Studies  of  Selenium 385-394 

There  is  likewise  in  press  a  paper  by  T.  Barbour  entitled  "Some  Re- 
marks upon  Matthew's  'Climate  and  Evolution/"  with  supplementary 
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note  by  W.  D.  Matthew.  The  publication  Committee  has  accepted  a  paper 
by  J.  A.  Allen  entitled  "An  Extinct  Octodont  from  the  Island  of  Porto 
Bico,  West  Indies,"  and  one  by  W.  D.  Matthew  entitled  "A  New  Sirenian 
from  the  Tertiary  of  Porto  Bico,  West  Indies,"  for  publication  in  Vol- 
ume XXVII  of  the  Annals. 

Eespectfully  submitted, 

Henry  E.  Crampton, 

Acting  Editor. 

REPORT  OF  THE  TREASURER 

MEMBERSHIP 

Paid  up,  Active  Members  (4  of  these  were  elected  after  1  May  and  paid 

$5  for  1916) 304 

Paid  up,  Associate  Members 18 

Delinquent  Active  and  Associate  Members 44 

Life  Members  and  Patrons 110 


476* 

RECEIPTS 

Decembeb  1,  1014 — November  30,  1015 

Cash  on  hand,  December  1,  1914 $1,274.97 

Life  membership  fees 700.00 

Patronshlp  fee 1,000.00 

Income  from  investments : 


Interest  on  mortgages  on  New  York  City  real  estate. .    $1,002.54 
Interest  on  railroad  and  other  bonds 1,375.00 


2,377.54 


Interest  on  bank  balances 84.42 

Active  membership  dues,  1909 $10.00 

«*               "               "  1910 10.00 

"  1911 10.00 

"  1912 30.00 

"  1913 00.00 

"  1914 205.00 

«  1915 3,020.00 

"  1916 15.00 


*< 
«t 
«< 


3,420.00 


Associate  membership  dues,  1914 6 .00 

«  «*  "      1915 54.00 

"  ««  "      1916 3.00 


63.00 


1  IncladiDg  four  deceased  members  whose  dues  have  been  paid  to  the  end  of  the  year. 
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Sale  of  publications 405.22 

Subscriptions  to  annual  dinner  (1914) 205.00 

Exchange  on  Grand  Rapids  bonds 30.00 

Porto  Rico  Survey  (subscriptions) 1,500.00 

Porto  Rico  Government  (refund  of  advances  made  on  account  of 

field  expenses) *  2»061.49 

Cash  on  note  in  bank 2,000.00 


Total $15,071. W 

DISBURSEMENTS 

December  1,  1914 — 30  November,  1915 

Publications  on  account  of  Annals $3,474.05 

PubUcation  of  Bulletin 677.00 

Recording  Secretary's  expenses 298.91 

Recording  Secretary's  and  Editor's  allowances 1,500.00 

Esther  Herrman  Research  Fund  (grants) 250.00 

John  Strong  Newberry  Fund  (grants) 100. 00 

General  expenses 147 .95 

General  meetings 730.85 

Annual  meeting  and  dinner  (1914) 255 .  13 

Porto  Rico  Survey  (advances  for  field  expenses) 4,999.03 

Section  of  Geology  and  Mineralogy 25.00 

Section  of  Biology 13.90 

Section  of  Astronomy,  Physics  and  Chemistry 14.02 

Section  of  Anthropology  and  Psychology 25.00 

Special  Membership  Committee 125 .70 

Payment  of  note  in  bank 2,000.00 

Interest  on  note  in  bank 46.33 

Cash  on  hand 488.17 


Total $15,071.64 

Balance  Sheet,  30  November,  1915 

Investments  (cost) $42,332.92     Permanent  Fund $23,574.20 

Cash  on  hand 488.17     Publication  Fund 3,000.00 

Audubon  Fund 2,500.00 

Esther  Herrman  Research 

Fund 10,000.00 

John      Strong      Newberry 

Fund 1,000.00 

Income  Audubon  Fund. . . .  745 .  88 
Income     Esther    Herrman 

Fund 1,762.27 

Income  Newberry  Fund.. . .  238.79 


$42,821.09  $42,821.09 
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PROPERTY 

Cost 

Lampe  Mortgage at  5  i)ei*  c-ent . .  |12,000.00 

Deane-Brennan  Mortgage at  5*^  per  cent. .  4,036.67 

4  Detroit  City  Gas  Company's  bonds at  5  i)er  cent. .  4,000.00 

3  Grand  Rapids  Gas  Light  Company's  bonds at  5  per  c*ent. .  2,880.00 

10  Madison  Gas  and  Electric  Company's  bonds at  6  per  cent. .  10,400.00 

1  Blnghamton  Gas  and  Electric  Company's  bond,  .at 5  percent..  995.00 

1  Quebec-Jacques  Cartier  Electric  Co.'s  bond at  5  per  cent. .  965. QO 

1  San  Antonio  Gas  and  Electric  Company's  bond,  .at  5  per  cent. .  487.50 

1  San  Antonio  Traction  Company's  bond at  5  per  cent . .  487 .  50 

5  U.  S.  Steel  Corporation  bonds at  5  per  cent. .  5,081 .25 

Participation  bond  of  Lawyers'  Mortgage  Co at  5  percent. .  1,000.00 

$42,332.92 
Hkxky  .T.  Cochrax, 

Treasurer. 

10  March,  1915. 

Examined  and  found  to  be  correct. 
Bash  FORD  Dean, 
John  Tatlock, 

Auditing  Committee. 

REPORT  OF  THE  PORTO  RICO  COMMITTEE 


A  scientific  suney  of  Porto  Rico  was  inaugurated  by  the  Council  of 
the  Academy  at  its  regular  meeting  in  November,  1913,  upon  a  report 
of  a  committee  previously  appointed  to  recommend  a  plan  for  investiga- 
tion, made  possible  by  an  offer  of  Mr.  Emerson  McMillin,  at  that  time 
President  of  the  Academy,  to  contribute  $1,000  a  year  for  a  period  of 
five  years,  and  an  appropriation  of  $500  a  year  by  the  Council  from 
Academy's  funds  for  a  similar  period,  and  by  cooperation  offered  by  the 
American  Museum  of  Natural  History,  the  New  York  Botanical  Garden, 
scientific  departments  of  Columbia  University  and  New  York  University, 
and  other  institutions.  The  Insular  Government  of  Porto  Rico  included 
an  item  of  $5,000  for  the  survey  in  its  budget  for  1914-15  and  again  in 
the  budget  for  1915-16,  and  it  has  been  requested  to  continue  this  subsidy 
for  three  years  longer. 

The  Committee  of  the  Council  charged  with  the  direction  of  the  survey 
consists  of  Professors  Britton,  Crampton,  Kemp,  Boas  and  Poor.  The 
preliminary  reconnaissances  were  made  by  Professors  Britton  and  Cramp- 
ton  during  the  winter  and  early  spring  of  1914,  and  the  work  has  since 
progressed  continuously,  in  the  field  and  in  the  laboratory.  The  Com- 
mittee has  secured  the  aid  and  advice  of  a  large  number  of  specialists  in 
various  fields. 
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Collections  of  geological,  paleoiitological,  botanical,  zoological  and 
archaBological  specimens,  aggregating  many  thousands,  have  already  been 
brought  together,  and,  after  being  studied,  are  being  divided  among  the 
cooperating  institutions,  and  sets  of  duplicates  are  being  returned  to 
Porto  Eico  to  form  a  natural  history  museum  there. 

It  is  the  opinion  of  the  committee  that  the  further  prosecution  of  this 
investigation  and  the  publication  of  its  results,  which  are  planned  to 
cibcupy  a  series  of  volumes  of  the  Academy's  Annals,  will  make  Porto 
Eico  the  key  to  geological  and  biological  knowledge  of  the  West  Indies. 

The  committee  submits,  by  subject,  the  following  account  of  the  prog- 
ress of  the  work  during  the  past  year : 

1.  Geology 

By  Profebsor  Charles  P.  Berkey,  actixo  for  Professor  Kemp 

Early  in  the  year  a  report  of  the  first  reconnaissance  geological  expedi- 
tion was  published.  This  has  been  distributed  by  the  New  York  Acad- 
emy and  a  certain  number  of  copies  have  been  sent  to  Porto  Eico  for 
general  distribution.  The  report  was  written  by  Dr.  Berkey,  and  under- 
took to  give  a  general  statement  of  the  geological  structure  and  make-up 
of  the  island.     The  report  is  available  for  additional  distribution. 

During  the  season  of  1915  three  special  parties  were  sent  to  Porto  Eico 
to  carry  on  geological  investigations.  One  of  these  was  organized  to  con- 
tinue general  reconnaissance  work  and  to  determine  certain  definite 
stratigraphic  questions  connected  with  the  Tertiary  deposits.  The  other 
two  were  given  special  areas  to  map  and  study  in  detail.  In  addition  to 
these  undertakings,  a  special  investigation  was  made  of  the  supposed  oil 
shales  of  the  island,  in  compliance  with  special  request.  The  division  of 
the  work  is  indicated  as  follows : 

Dr.  Chester  A.  Reeds,  accompanied  by  Mr.  Prentice  B.  Hill,  spent  the 
months  of  June  and  July  in  Porto  Eico,  studying  the  sedimentary  beds 
on  the  western  portion  of  the  island,  both  on  the  north  and  on  the  south 
sides.  The  special  object  in  view  was  to  determine  the  exact  age  of  the 
succession  of  beds  represented  in  the  ^"younger"  series  and  collect  such 
material  as  might  be  necessary  for  the  subdivision  of  this  series,  if  such 
an  undertaking  seemed  to  be  possible;  and,  in  addition,  to  collect  ma- 
terial for  its  special  paleontological  interest.  A  collection  of  about  3,000 
pounds,  consisting  of  over  10,000  specimens,  was  made,  and  a  consider- 
able number  of  forms  of  special  interest  have  already  been  noted.  On 
account  of  the  large*  amount  of  material  and  the  difficulty  of  organizing 
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it,  the  actual  bearing  on  the  problem  of  stratigraphy  that  was  set  for  this 
party  is  not  yet  ready  for  statement. 

Mr.  Edwin  T.  Hodge  was  given  the  special  problem  of  determining  the 
possible  value  of  the  oil  shales  in  Porto  Rico.  Three  weeks  in  June  were 
spent  in  this  investigation,  collecting  material  and  making  the  appro- 
priate tests.  Samples  were  obtained  from  26  diflferent  localities,  repre- 
senting the  most  promising  known  occurrences  in  the  island.  All  of 
these  were  investigated  for  oil  content.  The  results  in  all  cases  were 
negative  with  the  exception  of  three  specimens,  which  showed  simply 
traces.  One  of  these  specimens  came  from  a  shale  midway  between 
Adjimtas  and  Lares.  Another  came  from  a  road  between  Las  Vegas  and 
Mayaguez,  between  kilometer  post  11  and  post  15.  The  third  came  from 
the  farm  of  Signor  Policarpo  Domeneck,  near  San  Sebastian.  As  a  re- 
sult of  the  investigation,  it  is  concluded  that  there  is  not  sufficient  evi- 
dence of  petroleum  content  to  encourage  investment  or  exploitation. 

Mr.  Hodge  spent  the  rest  of  the  season,  July,  August  and  September, 
in  mapping  and  making  a  detailed,  structural  study  of  the  Coamo  region. 
This  is  a  district  reaching  from  the  vicinity  of  Guayama  on  the  east  to 
the  Descalabrado  River  on  the  west,  and  inland  to  Barranquitafi.  A 
topographic  base  map  was  made  and  the  geologv'  was  covered  for  this 
area  and  is  being  put  into  condition  for  publication.  It  is  intended  as  a 
detailed  study,  and,  being  approximately  midway  on  the  south  side  of 
the  island,  is  intended  to  serve  as  a  standard  geological  study  for  adjacent 
districts. 

In  addition  to  the  general  geological  matters,  a  special  study  has  been 
made  by  Mr.  Hodge  of  the  thermal  springs  of  the  island,  based  especially 
on  a  detailed  study  of  the  Coamo  spring,  and  others  in  the  immediate 
district.  Mr.  Hodge's  results  on  all  these  lines  will  be  available  for 
publication  before  the  next  field  season. 

Mr.  D.  R.  Semmes  was  given  a  district  on  the  north  side  of  the  island, 
immediately  opposite  the  section  covered  by  Mr.  Hodge.  It  extends 
from  San  Juan  on  the  east  to  and  beyond  Corozal  on  the  west,  and  inland 
to  the  vicinity  of  Barranquitas  to  join  with  the  w^ork  of  Mr.  Hodge. 
This  study  is  intended  to  serve  as  a  standard  investigation  of  the  north 
side  of  the  island  and  to  make,  in  connection  Avith  that  of  Mr.  Hodge,  a 
complete,  detailed  cross-section  of  the  whole  island.  The  same  methods 
of  work  were  followed  by  Mr.  Semmes  as  were  employed  on  the  other 
districts,  so  that  a  more  accurate  base  map  has  been  prepared  and  the 
gseologv'  has  been  determined.  It  is  expected  that  the  result  of  this  study 
will  be  Hvnilable  for  publication  before  the  time  of  the  next  field  season. 
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2.  Zoology 

By  Professor  Henby  E.  Cbamptox 

* 
Profegsor  H.  E.  Crampton's  field-work  included  part  of  January,  1915. 

During  his  sojourn  renewed  studies  of  land  organisms  were  made  in  the 

Aibonito-Coamo  section,  while  in  addition  the  general  reconnaissance  of 

the  island  was  extended  so  as  to  include  the  Quebradillas-Isabella  area 

and  the  southwest  region  centering  about  Guanica.     Among  the  novel 

items  discovered  in  the  northAvest  are  fresh-water  sponges  and  specimens 

of  the  peculiarly  interesting  crustacean  Brachippus. 

Dr.  F.  E.  Lutz  and  Mr.  A.  J.  Mutchler  were  in  the  field  from  May 
until  July  12,  and  from  various  parts  of  the  island  they  obtained  about 
15,000  insects  of  all  orders  and  an  additional  series  of  spiders.  This 
mass  of  material  has  been  mounted,  labeled,  and  assorted  into  the  larger 
groups.  Dr.  Lutz  has  devoted  much  time  to  the  detailed  study  of  the 
bees  among  the  Hymenoptera,  and  Mr.  Viereck  has  been  engaged  tem- 
porarily by  the  Museum  to  investigate  the  parasitic  Hymenoptera.  Some 
new  species  and  many  new  records  have  been  established.  Messrs.  Leng 
and  Mutchler  have  made  substantial  progress  in  the  study  of  the  Cole- 
optera,  and  Mr.  Frank  E.  Watson  has  continued  the  investigations  of  the 
Lepidoptera. 

Mr.  R.  W.  Miner  and  Mr.  H.  Mueller  spent  several  weeks  in  the 
Guanica  region,  and  collected  extensively  in  the  harbor  itself,  and  on  the 
coast  and  reefs  to  the  east  and  to  the  west.  In  all  cases  particular  atten- 
tion was  paid  to  the  environmental  situations  from  which  the  specimens 
were  taken.  Additional  studies  were  made  in  Condado  Bay  and  in  cer- 
tain characteristic  land-regions.  About  8,000  marine  specimens  were 
collected  by  this  party;  they  have  been  assorted  into  their  phyla  and 
systematic  work  has  been  prosecuted  in  certain  divisions. 

Professor  Raymond  C.  Osburn  also  completed,  in  July,  his  studies  in 
the  deeper  water  organisms,  which  were  carried  on  in  the  Guanica  region 
especially.  About  2,000  specimens  were  taken  by  dredging  in  various 
depths  from  the  shallows  near  the  shore  to  the  100-fathom  line.  Pro- 
fessor Osburn  will  work  up  the  Bryozoa,  in  which  he  is  interested  as  a 
specialist. 

A  paper  by  Dr.  F.  E.  Lutz  on  the  distribution  of  Arachnida  has  clearly 
demonstrated  the  value  of  the  Porto  Rico  collections  for  fundamental 
studies  in  zoology.  Briefer  notes  on  certain  species  of  fishes  have  been 
published  by  Mr.  J.  T.  Nichols,  who  participated  in  the  field  work  of  last 
year.    Other  articles  of  a  <renoral  nature  are  in  course  of  preparation. 
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3.  Archaeology 

By  Professor  Fraxz  Roas 

During  the  past  year  three  distinct  lines  of  anthropological  work  have 
been  taken  up:  (1)  an  investigation  of  the  physical  characteristics  of  the 
Porto  Ricans,  (2)  an  inquiry  into  their  folklore,  (3)  researches  on  the 
antiquities  of  the  island. 

The  first  of  these  inquiries  had  for  its  object  the  study  of  conditions  of 
growth  of  the  body  in  a  tropical  environment.  It  is  generally  assumed 
that  heat  has  the  effect  of  accelerating  the  physiological  development,  so 
that  in  warm  climates  children  reach  maturity  earlier  than  in  temperate 
zones.  Our  inquiries  do  not  substantiate  this  view.  The  material  has 
not  yet  been  collated:  but  from  the  general  character  of  the  data,  I  ven- 
ture to  say  that  they  will  be  of  the  very  greatest  importance  for  practical 
measures  relating  to  the  hygiene  of  childhood  and  for  the  management 
of  schools.  It  is  a  pleasure  to  acknowledge  the  valuable  assistance  that  I 
have  enjoyed  in  this  work  on  the  part  of  the  Department  of  Education, 
and  particularly  of  the  Superintendent  of  Schools  of  Utuado,  Mr.  Blanco, 
and  of  all  the  teachers  of  that  town. 

The  data  thus  obtained  give  also  valuable  information  on  the  type  of 
Porto  Ricans  and  necessitated  studies  among  the  adults.  Material  for 
these  has  been  obtained,  particularly  among  the  soldiers  of  the  Porto 
Rican  regiment,  and  the  success  of  this  work  is  entirely  due  to  the  liberal 
assistance  of  Major  Basil  H.  Dutcher.  It  is  not  possible  yet  to  speak  of 
the  results  of  this  work  with  certaintv,  but  it  would  seem  that  a  remark- 
ably  strong  environmental  influence  upon  the  racial  type  of  man  may  be 
ol)served.  If  this  should  prove  to  be  the  case,  we  should  have  succeeded 
in  establishing  a  fact  of  great  scientific  importance. 

The  collection  of  folklore  in  Porto  Rico  was  entrusted  to  Dr.  J.  Alden 
Mason,  who  solved  his  task  with  great  skill  and  success.  lie  has  accumu- 
lated many  hundreds  of  folk  tales,  riddles,  rhymes,  ballads,  songs,  which 
will  give  us  a  clear  insight  into  the  traditional  literature  of  the  island. 
I  think  the  material,  when  worked  (►ut  and  published,  will  have  not  only 
great  value  for  the  study  of  Romanoc  philology  and  comparative  litera- 
ture, but  will  also  furnish  reading  matter  for  the  rural  schools,  attractive 
and  interesting  to  the  children,  because  based  on  their  o^ATl  historic  en- 
vironment. It  should  have  an  influence  similar  to  that  of  the  European 
fairy  tales,  collected  a  century  ago,  which  have  been  a  source  of  pleasure 
and  instruction  for  millions. 

The  archaeological  work  has  been  carried  on  by  Dr.  H.  K.  Haeberlin, 
Mr.  Robert  T.  Aitken  and  Dr.  J.  Alden  Mason.    Dr.  Haeberlin  invest!- 
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gated  with  great  care  one  stone  inclosure  (juego  di  bolas)  in  the  Jobo 
district  and  a  cave  near  by.  The  latter  contained  some  ceremonial  objects 
and  a  small  number  of  burials.  In  the  cave  were  found  large  numbers  of 
bones  of  an  extinct  rodent  that  mav  have  been  used  for  food. 

Messrs.  Mason  and  Aitken  excavated  a  large  cave  in  Caguana,  TJtuado, 
which  proved  to  be  the  burial  ground  of  an  ancient  community.  Here 
also  a  large  number  of  bones  of  extin(*t  rodents  were  found.  At  the  foot 
of  the  hill  in  which  the  cave  is  situated  were  found  terraces  and  inclos- 
ures,  evidence  of  the  existence  of  an  ancient  village,  to  which  undoubtedly 
the  cave  belonged. 

After  the  cave  had  been  cleared  out  completely,  Messrs.  Aitken  and 
Mason  took  up  a  preliminary  investigation  of  a  village  site  at  Capa,  lo- 
cated by  the  writer,  that  seemed  of  particular  interest.  For  the  present 
half  year  the  committee  has  contributed  considerable  funds  for  research 
at  this  site,  which  proves  to  be  by  far  the  most  important  of  all  archjeo- 
logical  localities  so  far  investigated  in  Porto  Eico.  Dr.  Mason  has  been 
carrying  on  work  there  throughout  this  half  year,  with  the  exception  of  a 
period  of  about  four  weeks.  ITe  closed  his  field  work  on  the  15th  of  De- 
cember, although  not  more  than  about  one  third  of  the  whole  site  has 
been  excavated.    An  accurate  survey  of  the  site  is  being  made. 

The  locality  seems  to  be  so  important  that  it  ought  to  be  preserved, 
and  I  trust  that  the  Government  of  Porto  Rico  may  find  it  possible  to 
protect  it  temporarily  by  detailing  a  po]i(*eman  to  watcli  it,  and  perma- 
nently by  acquiring  the  site  as  a  national  monument. 

4.  Botany 
By  rKOFKssoK  N.  r..  Hritto.x 

Botanical  exploration  was  continued  at  the  end  of  1914  by  Professor 
N.  Wille,  of  the  T'niversity  of  Christiaiiia,  Norway,  an  expert  in  the  study 
of  fresh- water  and  aerial  algap,  who  was  sent  to  Porto  Rico  under  the 
auspices  of  the  New  York  Botanical  Garden.  ITe  made  large  collections 
of  these  minute  or  microscopic  plants,  whicli  proved  to  be  unexpectedly 
numerous  and  about  which  very  little  was  previously  known  in  the  Amer- 
ican tropics.  1 1  is  collections  show  that  several  hundred  species  inhabit 
Porto  Eico,  many  of  them  entirely  new  to  science,  including  several  unde- 
scribed  genera.  Subsequent  studies  of  the  vast  collections  made  by  him, 
comprised  in  over  2,000  field  numbers  and  including  10,000  specimens  or 
more,  will  require  much  time  and  will  be  a  noteworthy  contribution  to 
biology.  Professor  Wille  was  subsequently  joined  by  his  wife  and  they 
remained  on  the  island  until  March,  lOl."). 
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In  February,  1915,  Dr.  N.  L.  Britton,  accompanied  by  Mrs.  Britton, 
by  Mr.  John  F.  Cowell,  Director  of  the  Buflfalo  Botanical  Garden,  and  by 
Mr.  Stewardson  Brown,  Curator  of  Botany  at  the  Academy  of  Natural 
Sciences  of  Philadelphia,  came  to  Porto  Rico,  and  the  party  made  botan- 
ical studies  and  collections  at  several  places  on  the  northern  coastal  plain, 
in  the  western  and  central  mountains,  and  at  several  points  on  the  coast, 
by  means  of  a  sloop,  from  Mayaguez  to  Cabo  Rojo  Lighthouse  and  Ponce, 
including  an  examination  of  Cayo  Muertos,  the  botany  of  which  was 
previously  unknown.  Collections  aggregating  some  6,000  specimens  were 
made,  and  the  study  of  these  is  progressing.  Special  attention  was  paid 
to  the  few  forested  areas  remaining. 

Dr.  Marshall  Avery  Howe,  a  Curator  at  the  New  York  Botanical  Gar- 
den, expert  in  marine  algae,  spent  about  a  month  in  June  and  July  in 
continuing  his  previous  studies  and  collections  of  these  plants  in  the 
waters  from  Cabo  Rojo  Lighthouse  to  Ponce,  also  visiting  Cayo  Muertos, 
and  obtained  about  3,000  specimens. 

Professor  F.  L.  Stevens,  formerly  Dean  of  the  College  of  Agriculture 
at  Mayaguez,  visited  Porto  Rico  between  June  9  and  August  18,  1915, 
under  the  auspices  of  the  University  of  Illinois  and  of  the  New  York 
Botanical  Garden,  for  the  purpose  of  continuing  his  studies  and  collec- 
tions of  the  parasitic  fungi.  During  this  period  he  visited  nearly  all 
parts  of  the  island  and  collected  many  thousand  specimens,  the  study  of 
which  will  add  greatly  to  our  knowledge  of  these  plants,  many  of  which 
are  destructive  to  vegetation. 

Professor  Bruce  Fink  has  recently  gone  to  Porto  Rico  for  mycological 
and  lichenological  study,  intending  to  remain  there  for  several  months, 
and  has  generously  offered  to  contribute  the  results  of  his  work  to  the 
Survev. 

N.  L.  Britton, 

Chairman. 
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